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Nicho las S i m o n B l a c k w o o d 
V a r i a t i o n i n Response B e h a v i o u r s i n C a p t i v e C o m m o n M a r m o s e t s {Callithrix 
jacchus) 
Abs t rac t 
Ind iv idua l var iat ion can be seen in many aspects o f an organism, f r o m its physical 
structure to its behaviour. Cont r ibu t ing factors to var iat ion in behaviour may inc lude 
sex, age, genetic di f ferences and even size. The response to new objects and 
environments is a vary ing behavioural trait f ound in a w ide range o f species. The a im o f 
this thesis was to invest igate the causes o f var iat ion in response to novel s t imul i i n the 
common marmoset, Callithrix jacchus. The invest igat ion focused on the effects o f sex, 
age, genetic di f ferences and size. Var ia t ion in response was tested b y a s imple novel 
st imulus presentation test paradigm. S ix ty eight animals were each ind iv idua l l y 
presented w i th n ine novel s t imul i in home cage tests. F ive measures o f response were 
recorded: latency to approach and contact, durat ion o f p r o x i m i t y and contact, and visual 
attendance. Responses were analysed and s t imu l i were categorised as: m i r ro r , f o o d 
related s t imu l i , unattract ive s t imul i and novel s t imu l i . Response across the nine s t imul i 
was invest igated fo r var iat ion due to sex, age or we ight o f the subjects. Across the 
analysis, l im i ted s igni f icant sex dif ferences were seen in response to food related 
s t imu l i , w i t h males being more responsive. T o invest igate whether general measures o f 
response cou ld be der ived f r o m the ind iv idua l behaviours recorded, pr inc ipa l 
component analysis was carr ied out on the response data, w h i c h was spl i t in to the four 
st imulus groups. S imp le response cont inua were successful ly der ived f r o m components 
f r o m analysis o f mean st imulus group scores. The m i r ro r and f ood st imulus groups each 
had t w o cont inua, one ref lect ing latency to response, and one ref lect ing the durat ion o f 
t ime spent near the st imulus. The responses to the unattract ive st imulus group and novel 
st imulus group cou ld each be described by one response con t inuum. In order to assess 
whether genetic var iat ion contr ibuted to response, heri tabi l i t y analyses were carr ied out 
on both the der ived cont inua and the f i ve response measures, separated by st imulus 
group. N o s igni f icant her i tabi l i t ies were found after correct ion fo r mu l t i p le 
comparisons. Th is study thus demonstrates that sex is a more impor tant determinant o f 
response that ind iv idua l genetic di f ferences, age or we ight in the c o m m o n marmoset. 
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C h a p t e r O n e 
Introduction 
1.1 T h e causes o f v a r i a t i o n i n b e h a v i o u r 
I nd iv idua l var iat ion can be seen in many aspects o f an organism, f r o m its physical 
structure to its behaviour. Ind iv iduals vary in how they respond to their env i ronment , 
and this var iat ion in behaviour can be caused b y many factors. Cont r ibu t ing factors to 
var iat ion in behaviour may include sex, age, genetic di f ferences and even size. Social 
factors, such as dominance relat ionships, or k inships o f members o f a group o f ani mals 
can also af fect behaviour (Joubert & Vaucla i r , 1986; Drea, 1998). The a im o f this thesis 
is to investigate the causes o f var iat ion in response to nove l s t imu l i i n the common 
marmoset, Callithrix jacchus. The invest igat ion focuses on the effects o f sex, age, 
genetic di f ferences and size, at tempt ing to avo id social inf luences by test ing animals 
ind iv idua l l y . 
.1 Sex 
Physical and behavioural var iat ion due to the sex o f an animal can affect al l aspects o f 
its l i fe . For instance, in f idd ler crabs (Uca tange r i ) , where males have one greatly 
enlarged c law, sex dif ferences exist i n evasive behaviour (Jordão & O l i ve i ra , 2001) . 
B i r d species (such as zebra f inches, Taeniopygia guttata), show sexual ( І і т о ф Ь і з т in 
song structure, wh ich is based on under ly ing physical systems (Wade & A r n o l d ; 2004). 
Psychological assessments o f hyenas (Crocuta crocuta) show that males are more 
h igh ly st rung than females (Gos l ing & John, 1999). In pr imates, there are many 
di f ferences i n both behaviour and phys io logy related d i rect ly to sex (D ixson , 1998), and 
other marked behavioural di f ferences in f luenced less d i rect ly by i t . M a l e p lay, fo r 
instance, is more v igorous and frequent than female p lay (Fagen, 1981). Chimpanzee 
{Pan troglodytes) males have been rated as more 'aggressive' and 'gregar ious' than 
females, wh i l e females were more ' t i m i d ' and ' con t ro l led ' than males (Buirstó et al., 
1978; c f . Smuts, 1987). Female vervet monkeys {Cercopithecus aethiops) are more 
Oppor tun is t ic ' than males (McGu i re et al, 1994). H igher risk-taking behaviour in 
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males has been discussed w i t h reference to emigrat ion f r o m the natal group dur ing 
young adul thood in rhesus macaques {Macaca mulatta) (Meh lman et al, 1995). 
Such var ia t ion, coupled w i t h dif ferences in l i fe h is tory between males and females, can 
lead to predict ions o f di f ferences in specif ic behaviours. A s males have higher var iat ion 
in their reproduct ive success compared to females ( known as Bateman'ร pr inc ip le) i t 
can be expected that males w i l l in general take greater risks (Bateman 1948; Fu tuyma, 
1998). In terms o f responsiveness, fo r instance, this w o u l d suggest that males w o u l d be 
more inc l ined to investigate novel objects or si tuations. 
1.1.2 A g e 
Patterns i n l i fe h istory can constrain or promote the behaviour o f an an imal at a 
part icular age. Play, fo r example, begins in in fancy, increases in j uven i le animals and 
declines steadi ly du r ing adolescence and into adu l thood; immature pr imates spend a 
great deal o f non- feeding t ime engaged in social p lay (Wal ters, 1987). The social 
relations o f animals change as they g row, u l t imate ly re lat ing to the sociosexual system 
o f the species (Wal ters, 1987). In many animal species, one or both sexes disperse at 
some po in t dur ing their l i fe , because o f compet i t ion fo r f ood or mates, and to avo id 
inbreeding (Hewi t t & B u t l i n , 1997). W i t h dispersal comes a suite o f behavioural 
changes. W h e n male rhesus macaques reach an age at w h i c h they disperse, they become 
more aggressive, less sociable, and more l i ke ly to take risks (Meh lman et ๗.， 1995). 
These indi rect behavioural correlates show ind iv idua l var ia t ion; less aggressive, more 
sociable animals w i l l stay in their natal group fo r longer. I n fact, this ind iv idua l 
var iat ion cou ld be a consistent cause o f behavioural di f ferences as impor tant as age or 
sex. 
1.1.3 I n d i v i d u a l v a r i a t i o n 
I nd i v idua l var ia t ion i n behaviour is reported in many cases to be both consistent and 
measurable. Rhesus macaques can be consistent ly described as 'up t igh t ' or ' la idback ' 
(Suomi , 1991) and 'possessive' versus ' re laxed ' maternal styles in macaques run in 
fami l ies (Maestr iper i et ai, 1997). H u m a n (Homo sapiens) chi ldren at either end o f the 
normal spectrum o f behaviours can be consistent ly label led as ' b o l ď or 'shy ' (Kagan et 
αΙ.， 1988; Kagan & Sn idman, 1991).When examined, some o f these consistent, 
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measurable di f ferences in behaviours (and characteristics based on behaviours) can be 
shown to have a genetic basis. 
In T h e Descent o f M a n , D a r w i n (1871 : 110) states: 
i n regard to mental qual i t ies, their t ransmission is manifest in our dogs, horses 
and other domestic animals. Besides special tastes and habits, gene rฝ ั 
in te l l igence, courage, bad and good tempers, etc. are certa in ly t ransmit ted. 
Studies in human populat ions have examined the genetics and her i tab i l i ty o f the 
psychologica l trait o f novel ty seeking (Ben jamin et al., 1996; Ebstein et al., 1996), 
wh ich is based ( in part) on an inc l ina t ion towards exc i t ing behaviours (Hamer & 
Copeland, 2000) . These studies, i n v o l v i n g a combinat ion o f in terv iews, personal i ty 
questionnaires and genetic tests o f b lood samples, show that higher than average scores 
in nove l ty รeeWng are f ound in ind iv idua ls that have a certain al lele in the locus fo r the 
dopamine receptor gene D 4 R . Fur thermore, these dif ferences are due to genetic 
transmission rather than populat ion strat i f icat ion. The var iat ion found , however, on ly 
explains about 1 0 % o f the genetic var ia t ion seen i n nove l ty seeking (Hamer & 
Copeland, 1998). Var ia t ion in the same region has also been found i n other great apes 
and gibbons ( Inoue-Murayama et ai, 2000; Shimada et al., 2004) . 
Behaviours, and the neurochemicals associated w i t h them, have also been shown to 
have a genetic in f luence i n non-human primates. Behaviours re f lect ing increased stress 
responses and behavioural i nh ib i t i on have found to be heritable in rhesus macaques 
(W i l l i amson et al, 2003). Genetic var iat ion has been indicated in response to a 'soc ia l ' 
s t imulus (i .e., a mi r ro r ) in baboons (Papio hamdryas) (Rogers et al., 2002) . Several 
monoamine metaboli tes related to the neurotransmitters serotonin, dopamine and 
noradrenal ine, wh i ch are related to personal i ty and ind iv idua l var iat ion in psychologica l 
traits in humans, are also heritable in baboons (Rogers et ai, 2004). Var ia t ion in 
response to social s t imulus (an intruder chal lenge test) i n vervet monkeyร is correlated 
w i t h 5 - Ш А А , a serotonin metabol i te ( lower levels are related to an increase in 
impu ls i ve behaviours), and there is a genetic component to vervet social impu l s i v i t y and 
aggressiveness (Fairbanks et al., 2004) . Thus , social impu ls i v i t y is both heri table and 
related to neurotransmit ter levels. 
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The studies c i ted above use response behaviours to test the heri tabi l i t y o f psychologica l 
traits. A s a genetic in f luence on responsiveness is seen in humans (Ben jamin et al., 
1996; Ebstein et al, 1996), non-human primates (Fairbanks et al., 2004) , and other 
mammals , for instance mice {Mus musculus) (F l in t et al., 1995; D u l u w a et al, 1999), i t 
cou ld be hypothesised that al l pr imate species w o u l d show heritable var iat ion in 
response behaviour. 
1.1.4 Phys i ca l v a r i a t i o n a n d b e h a v i o u r 
A s w e l l as demographic factors such as age and sex a f fec t ing behaviour, i t has been 
suggested that var iat ion cou ld reflect d i f ferent behavioural strategies (W i l son et al., 
1994). An ima ls o f a d i f ferent physical type may use d i f ferent strategies; fo r instance, 
large animals may behave qual i ta t ive ly d i f fe ren t ly to smal l animals. Th i s occurs i n 
extreme f o r m w i t h relat ion to male sexual strategies in many species (e.g., orang-utan, 
Pongo pygmaeus: U tam i et al., 2002; coho salmon, Oncorhynchus kisutch: Gross, 1985; 
ru f f , Philogamus pugnax: van R h i j i n , 1973, 1983). Such var iat ion has been suggested in 
a less extreme f o r m for 'boldness' as a behavioural trait (W i l son et al, 1994). In its 
simplest f o r m , var iat ion can take the f o r m o f a shy-bo ld con t i nuum across a populat ion. 
In a more compl ica ted system, there cou ld be innate ly and f i xed l y ' b o l d ' or ' shy ' 
ind iv idua ls at ei ther end o f the behavioural con t inuum, but most o f the populat ion being 
phenotyp ica l ly plast ic and less extreme (Wi l son et a l . , 1994, W i l s o n & Yosh imura , 
1994). I f such behavioural strategies are l inked to physical var ia t ion, as w i t h male 
sexual strategies, a measure such as weight may co-vary w i t h responsiveness scores. 
For instance, in three-spined sticklebacks (Gasterosteus aculeatuร), ' b o l d ' ind iv iduals 
grow more over the same t ime per iod than 'shy ' ind iv idua ls (Ward et al., 2004) , wh i ch 
leads to bo l d adult st icklebacks being heavier than shy adults. The occurrence o f such 
strategies is not necessarily mutua l ly exclusive w i t h ind iv idua l var ia t ion, as i t may be 
that the evo lu t ionary advantage o f an array o f responses is what drives the var iat ion 
among conspeci f ics. I f there are s imple explanatory variables such as an an imal 's 
weight , however, they should be accounted for and expla ined. 
1.2 Responsiveness a n d response behav iou rs 
M a n y o f the behaviours discussed above are related to responsiveness. T o investigate 
the causes o f var ia t ion in response behaviours, i t is necessary to def ine exact ly what is 
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meant by the term, and how best i t can be studied. A l l animals respond to novel ty in 
some way. 
Bardo et al. (1996, p25) state that: 
(o)rganisms are b io log ica l l y prepared to attend to nove l in fo rmat ion more 
readi ly than fami l i a r in fo rmat ion . A t the sensory leve l , the v isual , audi tory, 
o l factory and tact i le systems are designed such that s t imu l i lose their impact 
w i th constant o f repet i t ive presentation. Th is process o f sensory adaptation or 
habituat ion biases the system towards react ing to novel s t imu l i , as we l l as to 
increases in the intensi ty o f a fami l ia r st imulus 
Response to novel ty has been explored in many ways, in a great var iety o f animal 
species. The human psycholog ica l trait o f novel ty or th r i l l seeking invo lves " the desire 
to seek out new experiences or t h r i l l s " (Hamer & Copeland, 1998: 11) and "exh i lara t ion 
or exci tement in response to nove l s t i m u l i " (Cloninger , 1987: 574). Ind iv idua ls w h o are 
h igh ly nove l ty seeking w o u l d thus respond more pos i t ive ly to nove l s t imu l i or 
envi ronments than ind iv iduals w h o are less novel ty seeking. S im i la r l y , many animal 
species show intraspeci f ic var iat ion in 'shyness' and 'boldness' (W i l son et al., 1994). 
1.2.1 D e f í n i n g response behav iou rs 
There are many def in i t ions o f behaviour related to response and responsiveness, o f ten 
depending on the theoretical f i e l d in wh ich the study is based. For example, 
'emot iona l i t y ' i n m ice has been invest igated by l ook ing at responses to standard tests 
that examine response to novel and stressful situations (F l in t et al., 1995). Emot iona l i t y 
in this case was assessed by movement and faecal d ropp ing rate. A who le suite o f 
animal species have been assessed as ' b o l d ' or ' shy ' (W i l son et al, 1994). The 
temperament o f an an imal can be assessed by observ ing its behaviours and responses to 
others (Clarke & В о і п з ю , 1995). Perhaps to avo id the subject ive inf luence o f 
te rmino logy , many authors s imp ly use the w o r d 'response' (e.g. B o x , 1988; Fairbanks, 
2 0 0 1 ; Fragaszy & Mason^ 1978; Hardie & B u c h ^ 2000; V isa lberghi et al; 
2003) . Response, however , is not a s imple th ing. A s Hard ie & Buchanan-Smi th (2000: 
630) state: 
Responses to nove l ty consist o f complex mixtures o f factors that vary 
according to the species invo lved . They may inc lude attr ibutes o f the object-
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colour, shape, size, patterning - the an imal 'ร l i festy le and pr io r experience, their 
cogni t ive abi l i t ies and social grouping. 
T o l im i t the aspects o f response studied, the term neophi l ia has been used to describe an 
an imal 's attraction to a new object or task (Day et al, 2002) , contrasted w i t h neophobia, 
a specif ic avoidance o f new s t imul i or environments (Corey, 1978). Neoph i l ia and 
neophobia are not necessarily part o f one con t inuum, but cou ld instead be t w o 
con f l i c t i ng behaviours (Greenberg, 2003) . The terms can be def ined (Greenberg, 2003: 
179) as: 
Neoph i l i a is the spontaneous attraction o f an an imal to a f o o d object, object or 
place because i t is nove l . . .Neophob ia is the aversion that an animal displays 
towards approaching a food i tem, object, or place s imp ly because i t is novel . 
Due to these strict def in i t ions neophi l ia and neophobia cou ld be seen as unambiguous 
descriptors o f response when novel ty is invo lved . Unfor tunate ly , i f they represent t w o 
separate behavioural mechanisms wor tóng against each other to cause a balanced 
response (Greenberg 2003) , the c lar i ty is lost. A n an imal that fai ls to approach a new 
st imulus cou ld be either neophobic or merely lack ing in neophi l ia . Equa l ly , i f an animal 
is much quicker than its group-mates in approaching a new food source, is i t neophi l ia 
in play, or is a def ic iency in neophobia put t ing the an imal at risk o f poisoning? A s a 
result, response is again le f t as the best, or least prob lemat ic , descriptor. 
I f responsive is a posi t ive react ion, the def in i t ion o f 'unresponsive ' is problemat ic. In 
this discussion, and throughout this thesis, unless speci f ica l ly stated otherwise, response 
is taken to be posi t ive, explorat ive behaviour, and less responsive or unresponsive 
behaviour is іпіефгеїесі as a lack o f react ion to a s t imulus o r s i tuat ion, as opposed to a 
negative (i .e., stressful; or fear fu l ) response. 
1.3 S t u d y i n g response behav iou rs i n p r i m a t e s 
Several d i f ferent areas o f research over lap in their ab i l i t y to suggest what may affect 
pr imate response behaviours. Behavioura l and genetic invest igat ions have 
demonstrated var iat ion in response to social s t imu l i (Fairbanks, 2 0 0 1 ; Fairbanks et al., 
2004; Rogers et al., 2002) . Studies concerned w i t h an imal we l fa re have shown that 
novel ty plays a s igni f icant role in the use o f p lay structures (Tay lo r et al., 1997), and 
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that the addi t ion o f novel objects can increase ac t iv i ty in some s ingly housed ind iv idua ls 
( L i n ^ 1991). 
Other studies have speci f ica l ly looked at response to novel ty . For example, after seven 
days o f presentations to capt ive Guinea baboonร (Papio hamadryas papio), d iscovery 
t imes for novel objects stabi l ised, possibly ind icat ing habi tuat ion to the method o f 
object presentation (Joubert & Vaucla i r , 1986). N o di f ferences in discovery t imes were 
seen between 'natura l ' and 'a r t i f i c ia l ' objects. Mean frequencies o f exploratory and 
manipu la tory responses showed s igni f icant di f ferences between females and juven i les 
fo r new objects and both new and repeatedly presented objects together. Juveniles 
consistently demonstrated higher levels o f exp loratory behaviour (staring and sn i f f ing) . 
Dominance posi t ion and other social factors may affect react ion to novel objects. Th is is 
something that must be taken into account when nove l objects are int roduced to 
ind iv idua ls in a group si tuat ion. The dominant male in a baboon group, fo r example, 
part ic ipated least i n novel ty related act ivi t ies (Joubert & Vauc la i r , 1986). Social context 
also affects how rhesus macaques explore their env i ronment (Drea, 1998). W h e n a 
capt ive rhesus group is spl i t in to dominant and submissive, the submissive group are 
less l i ke ly to explore a novel f ood conta in ing st imulus than when the group is together. 
Dominan t ind iv idua ls , however show no d i f ference in their react ion. Factors other than 
dominance can also af fect response to novel s t imu l i . W h e n t i t i monkeys {Callicebus 
moloch) i n female/male pairs are tested together and ind iv idua l l y , both sexes are 
distressed in the absence o f their cage-mate, and interest in novel objects is reduced 
(Fragaszy & Mason , 1978). Squirrel monkeys {Saimirí sciureus), however, show no 
distress when separated, and females increase their response to novel objects. Other 
species di f ferences are also apparent; general ly, squirrel monkeys are "qu icker and more 
v igorous" than t i t is in their behaviour (Fragaszy & Mason , 1978: 311) in s imi lar 
situations. 
N e w W o r l d pr imates, especial ly capuchins (Cebus), have been the focus o f research in to 
the characteristics and funct ion o f response to nove l ty i n feeding (Fragaszy et al., 1997; 
V isa lberghi & Fragaszy, 1995; V isa lberghi et al., 2003) . W i l d whi te- f ronted capuchins 
(С. apella) are less responsive toward generic nove l objects than toward novel foods 
(Visa lberghi et al., 2003) and animals respond more s low ly to exper imental 
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presentations than to k n o w n foods. Males in the w i l d are more persistent in their 
interactions w i t h novel foods than females are (V isa lbergh i et al, 2003) , but females are 
more behavioura l ly act ive towards "potent ia l fo rag ing substrate" (i.e., more l i ke ly to 
come in to contact w i th something that migh t contain food) . The authors suggest that 
capuchins display a combinat ion o f explorat ive and neophobic behaviours that result i n 
a gradual exp lo i ta t ion o f new resources (this is echoed by Greenberg, 2003, in his 
discussion o f the іп їефіау between neophi l ia and neophobia in birds). Younger 
capuchins contact ar t i f ic ia l feeding plat forms f i rst and are more responsive to novel 
foods (V isa lbergh i et al., 2003). Infants p i ck up foods more of ten when they are nove l , 
and eat nove l foods more f requent ly than fami l ia r ones (Fragaszy et al. 199ๆ). Older 
infants are more l i ke l y than younger ones to pay attent ion to another ind iv idua l ' s food . 
1.3.1 Response i n C a l l i t r i c h i d s 
Response behaviours have been studied in some depth in var ious ca l l i t r i ch id species. 
Cal l i t r ich ids are smal l , d i u m a l , arboreal p latyrrh ine pr imates, ๒ ฝ ^ marmosets, 
tamarins and l i on tamarins (Hershkovi tz , 1977). Studies have taken place both in the 
f i e ld and in capt ive situations. C o m m o n marmosets are an ideal species to study in 
capt iv i ty because o f their abundance in laboratories, their smal l size a l l ow ing colonies 
to ho ld large numbers o f animals in good envi ronmenta l condi t ions. 
1.3.2 Species ecology a n d d i f fe rences i n responsiveness w i t h i n the c a l l i t r i c h i d s 
The natural env i ronment and social system o f ca l l i t r ich ids may affect response 
behaviours. Interspeci f ic var iat ion in response to nove l ty can be addressed in terms o f 
the d i f ferent ecological niches occupied by species, and also by sociosexual di f ferences. 
For instance, var iat ion in feeding ecology in W e i d ' ร marmosets (Callithrix kuhli) and 
golden l ion tamarins {Leontopithecus rosália) relates to var iat ion in successful response 
to a memory task (Piatt et al., 1996). W e i ď s marmoset, as in most marmoset species, 
has a special ised anterior dent i t ion that a l lows them to gouge trees to obtain gum, and 
an enlarged caecum to a id gum digest ion (Rylands, 1989; Ferrar i & Mar t ins , 1992). 
Golden l ion tamarins do not use gum as extensively as marmosets, but otherwise have a 
large over lap i n f ood types (Rylands, 1989). In exper imental memory tasks, W e i d ' s 
marmosets pe r fo rm s ign i f icant ly better than golden l i on tamarins for short retent ion 
per iods, but worse when the retent ion per iod is 24 hours. Because its special ised 
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dent i t ion gives i t better access to gum, We id ' s marmosets require d i f ferent temporal 
visuospatial abi l i t ies related to fo rag ing; golden l i on tamarins are more rel iant on 
remember ing where f o o d patches are than are marmosets. Marmosets and tamarins 
show dif ferences in response to novel objects in home cage tests over t ime, w i t h 
c o m m o n marmosets showing an increase in latency and cot ton-top tamarins (Saguinus 
oedipus) a decrease ( M i l l a r et ai, 1988). A s the authors ( M i l l a r et al., 1988: 83) put i t , 
" (m)armosets appear to become bored and tamarins less fear fu l w i t h repeated 
presentat ions". Th is d i f ference is attr ibuted to di f ferences i n feeding ecology, w i t h the 
more insect ivorous tamarins observ ing s t imu l i fo r longer before approaching. In single 
and m i x e d species groups o f saddleback (Saguinus fiiscicollis) and red be l l ied tamarins 
(Saguinus labiatus), the latter, who norma l l y forage higher in the canopy, respond to 
objects towards the top o f the enclosure more qu ick ly . Overa l l , saddleback tamarins 
respond more qu i ck l y ; this can be l inked to their extract ive fo rag ing style. React ion 
t imes decrease fo r both species in m i x e d species groups (Hard ie & Buchanan-Smi th , 
2000). 
Di f ferences also exist between the t w o tamarin genera (Saguinus and Leontopithecus) i n 
response to a social s t imulus, namely conspecif ics o f both sexes (French & Inglet t , 
1991). In a capt ive exper iment , male cot ton top tamarins responded agonist ical ly to and 
attacked male intruders (but not females), whereas females d i d not di f ferent iate between 
the sex o f intruders and displayed "ben ign ind i f fe rence" (French & Inglet t , 1991: 283). 
In golden l i on tamarins, females reacted qu i ck l y and aggressively to female intruders, 
w i t h a h igh level o f threat displays. These di f ferences between species in response to an 
intruder are interpreted as being due to di f ferences in sociosexual behaviour, and 
d i f ferent mechanisms o f reproduct ive suppression. Cot ton top tamar in breeding females 
suppress ovu la tory ac t iv i ty in other females; golden l i on tamarins do not (French, 1987; 
French et al., 1984). Th i s means that a cot ton-top tamar in female enter ing a group w i l l 
not reproduce, but instead may even help w i t h the rear ing o f the alpha female 's 
o f fspr ing . 
Contrasts can be seen, then, between Callithrix, Leontopithecus and Saguinus in their 
response to nove l ty , because of ecological and reproduct ive di f ferences. I t is possible 
that intraspeci f ic di f ferences may have an ecological or sociosexual basis, be ing caused 
by d i f ferent behavioural strategies (W i l son et al., 1994). A n evo lved var iat ion in 
responsiveness cou ld be stable in a populat ion, due to f requency dependant select ion, i f 
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there is var iat ion in habitat qual i ty . I t is possible that both flexible and in f lex ib le 
response behaviour strategies cou ld exist in a populat ion, w i t h specialist u l t ra-
responsive and non-responsive ind iv iduals at either end o f a behavioural con t inuum 
hav ing facul ta t ive ly flexible phenotypes in between (W i l son et al,, 1994; W i l s o n & 
Yosh imura , 1994). 
1,3,3 Sex a n d v a r i a b i l i t y i n c a l l i t r i c h i d responsiveness 
Other fundamental aspects o f an an imal may have an affect on how i t responds to novel 
s t imu l i and situations. Sex can be an impor tant factor, due to reproduct ive strategy 
dif ferences between males and females. The age o f an animal and the stage o f l i fe 
h istory reached may also have consequences. 
Response to f o o d a n d f o r a g i n g tasks 
M a n y studies o f sex dif ferences in responsiveness in cal l i t r ich ids focus on response to 
novel food , or forag ing related tasks (Box , 2003). Fo r example, in the ma jo r i t y o f cases 
o f male/ female pairs o f t w o species o f tamar in (red bel l ied and cot ton- top) , females 
make the in i t ia l approach to a task, and females approached nove l , food- reward , tasks 
more than males (Box 1988). In a subsequent study. B o x et al. (1995) again found sex 
dif ferences in these species, and i n a th i rd, the saddle-back tamar in , where females 
attempted f ood tasks more f requent ly and more successful ly than males. As both males 
and females were present dur ing the food tasks, males may have been deferr ing to the 
females, a l l ow ing them pr imary access to food . Saddleback tamarins approached tasks 
less f requent ly and for less t ime than the other t w o species. 
In normal and enr iched (addi t ional , novel food) feeding t imes, marmoset ( common 
marmoset and black tufted-eared marmoset, Callithrix penicillata) females are more 
responsive than males to normal f ood when addi t ional f ood is g iven (Box & Smi th , 
1995). Females also become more responsive to the addi t ional f ood over t ime. Female 
marmosets have also been shown to be more behavioura l ly responsive to supplemental 
foods, spending more t ime feeding on them than males (Petto & D e v i n , 1988)， another 
example o f p r io r i t y o f access to food for females in ca l l i t r i ch id species (Box et ai, 
1997). Such dominance over food supplies are l i ke l y to be at its peak du r ing lactat ion, 
when energetic demands on the female are at their highest (Nievergel t & M a r t i n , 1999). 
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There are di f ferences, however, i n v is ion between males and some female ca l l i t r ich ids ; 
al l males are d ichromat ic and females can be either d ichromat ic or t r ichromat ic (Caine 
& M u n d y , 2000) . The dif ferences in fo rag ing ab i l i t y between males and females cou ld 
be due to di f ferences in v is ion , rather than sex di f ferences per se (Box , 2003). 
Response to nove l t y 
Research on responsiveness in cal l i t r ich ids has focussed on feeding and forag ing, but 
some data on non food-re lated var iat ion are avai lable. W h e n interact ing w i t h a novel 
env i ronment and/or nove l s t imu l i , few sex dif ferences have been seen for common 
marmosets, fo r example, no sex dif ferences are seen in c o m m o n marmosets exp lo r ing 
both a novel env i ronment , and a novel object in a social (home cage) si tuat ion (Rogers, 
1999). S im i la r l y , l i t t le d i f ference is seen between male and female c o m m o n marmosets 
in their explorat ion o f a new envi ronment , but females show more behavioural act iv i t ies 
over a l l , i nc lud ing touch ing and manipu la t ing nove l objects subsequently placed w i t h i n 
the env i ronment ( B o x , 1988). Subadult female cot ton- top tamarins are both the f i rst to 
explore, and most f requent to explore, a new ly accessible area in a capt ive si tuat ion 
( M c G r e พ & М с ^ ^ ^ 1986). 
Reports that female ca l l i t r ich ids are more responsive to nove l f ood tasks, objects and 
situations contradict those o f Reader & La l and (2001) , w h o f ound that male primates 
are more innovat ive than females. A posi t ive response to novel ty is a factor in 
innovat ive behaviour, as avo id ing newness precludes innovat ion . Interest ingly, when 
these data are subdiv ided, males f r o m с і і тофНіс species are indeed more innovat ive , 
but in т о п о т о ф Ь і с species the trend is reversed and females are the more innovat ive 
sex (Box , 2003) . Thus f r o m exp lor ing innovat ion , we m igh t expect that female 
marmosets are the more responsive sex. 
1.3.4 Age 
A g e also affects response behaviours in several species o f ca l l i t r ich ids. The order in 
wh i ch ind iv idua ls in a group o f saddleback tamarins approach s t imu l i , and general 
response to a novel object , is predictable f r o m the ages o f ind iv idua ls , ranging f r o m the 
least responsive adult breeding pai r to the most responsive j uven i l e male o f fspr ing 
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(Menze l & Menze l , 1979). Conversely, the older o f f sp r ing in a cotton top tamar in group 
respond more qu i ck l y and fo r longer to a novel object than the dominant adults and 
younger o f fsp r ing (M i l l a r et al., 1988). 
Marmosets also show var iat ion in response due to age. Sub-adul t common marmosets 
explore a novel env i ronment more than adults and juven i les (Rogers, 1999), and older 
o f fspr ing (subadult-adult) tend to touch novel objects more qu i ck l y and fo r a longer 
t ime ( M i l l a r et al., 1988). Adu l t s and the youngest animals in a group, however, are 
most responsive dur ing normal feeding in both c o m m o n marmosets and black tu f ted-
eared marmosets (Box & Smi th , 1995). These studies suggest t w o U-shaped curves o f 
response go ing i n opposite direct ions, where older o f f sp r ing at a subadult to adult age 
are more responsive to nove l ty but less responsive to fami l i a r f ood than older and 
younger animals. Th is var iat ion in response to nove l ty may have l i fe-h is tory 
consequences. I n a s imulated dispersal exper iment , sub-adult females and then sub-
adult males were the f i rst to explore new ly accessed areas, and spent the most t ime in 
them ( M c G r e w & M c L u c k i e , 1986). I f o lder o f f sp r ing are at an age where they may 
norma l l y emigrate f r o m a home group, an increased response to new s t imu l i , 
environments and ind iv idua ls w o u l d be an advantage. 
1.4 P red i c t i ons a n d Hypotheses 
In summary , var iat ion in response to novel objects cou ld have several independent or 
co l lec t ive ly cont r ibu t ing causes. The sex and age o f an an imal can affect how i t 
responds to a nove l s t imulus, as migh t genet ical ly based ind iv idua l var ia t ion, possib ly 
related to a behavioural strategy. Behavioura l strategies cou ld also be based on physical 
aspects o f the an imal such as size. 
I n common marmosets, there is some evidence to suggest that females are more 
responsive to nove l ty than males, especial ly when f ood is i nvo lved . A l so , when species 
are т о п о т о ф Ь і с l i ke the c o m m o n marmoset, females tend to be more innovat ive, 
wh ich is related to responsiveness. I t can be predicted f r o m these results that in s imple 
st imulus presentation tests, females w i l l be more responsive than males. O f d i f ferent 
age groups o f ani ma l ร, older subadults are the most responsive to novel ty , but adults 
and the youngest animals in a group are most responsive dur ing normal (non-novel ) 
feeding. 
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The present study addresses the f o l l o w i n g hypotheses: 
1. C o m m o n marmosets display ind iv idua l var iat ion in responsive to novel s t imul i 
that has a measurable genetic inf luence 
2. Sex affects response to novel s t imu l i in common marmosets, w i t h females being 
more responsive than males 
3. Age affects response to novel s t imu l i i n c o m m o n marmosets, w i t h older 
subadults being the most responsive 
4 . We igh t affects response to novel s t imu l i i n c o m m o n marmosets 
1.5 Thesis O u t l i n e 
The present study aims to investigate the var iab i l i t y o f response behaviours in the 
c o m m o n marmoset. I f var iat ion is f ound in the trai t , i t aims to establish whether or not 
the var iat ion has a genetic basis (i.e. is her i table), or is due to the sex or age o f 
ind iv idua ls . Chapter T w o describes the methodo logy fo r the st imulus presentation tests, 
the n ine novel s t imul i presented, the study animals used and the behavioural measures 
taken. Chapter Three describes var iat ion i n response using f i ve behavioural measures; 
latency to approach, latency to contact, durat ion o f p rox im i t y , durat ion o f contact and 
visual attendance. Var ia t ion in the f i ve variables is described fo r each o f the nine s t imu l i 
presented. Th i s var iat ion in response is then used to classi fy the s t imu l i in to four 
groups. Chapter Four examines the ef fect o f sex, age and weight on response. Chapter 
F i ve describes the use o f Pr inc ipa l Component Ana lys is to der ive general response 
cont inua f r o m the range o f measures recorded. Chapter Six investigates the her i tab i l i ty 
o f the general response cont inua and the f i ve behavioural measures. The f ina l chapter, 
Chapter Seven, provides a discussion o f the results obtained, re lat ing the f ind ings to 
marmoset behaviour and ecology. 
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C h a p t e r T w o 
Methods 
2.1 study an ima i s 
2.1.1 S t u d y species: c o m m o n marmose ts 
The common marmoset {Callithrix jacchus) is a d i u m a l , arboreal p latyr rh ine pr imate, 
nat ive to the At lan t ic rainforests o f B raz i l . D is t ingu ish ing characterist ics inc lude large 
wh i te ear tuf ts and a ta i l w i t h al ternat ing dark w i d e and pale nar row bands (Hershkov i tz , 
1977, p517 for "sub-species" c. jacchus jacchus). In the w i l d , the c o m m o n marmoset 's 
diet consists most ly o f f ru i ts and plant exudates (marmosets eat the highest propor t ion 
o f plant gum in their diet o f any monkey ) and also smal l an imal prey (Ferrar i & Lopes 
Ferrar i , 1989). 
C o m m o n marmosets l ive in complex and dynamic polygynandrous social groups, most 
groups conta in ing more than one adult o f either sex (Ferrari & Lopes Ferrar i , 1989, 
Rothe & Da rms , 1993). N o t a l l animals i n the group are necessari ly related to the 
breeding male (N ie vergel է et al, 2002). Some care g i v i ng is g iven by non-parents, 
al though this is not necessari ly required fo r in fant surv ival (Rothe & Darms, 1993), and 
lactat ion is more energy intensive than such behaviours as car ry ing (Nievergel t & 
M a r t i n , 2001) 
Yamamoto (1993) gives ages as: infant f r o m t w o to three months, j uven i le f r o m f i ve to 
ten months; and sub-adult f r o m 10-15 months, m o v i n g f r o m there in to adul thood. 
S l igh t l y d i f ferent d iv is ions are g iven in H e a m (1987, Tab le 37.1) : wean ing at 40-80 
days; puberty at 8 months; the reaching o f adult we ight at 12-15 months, but not sexual 
or social matur i ty unt i l 18-24 months. In capt iv i ty , animals can breed successful ly up to 
the age o f 14 and beyond, and can l ive fo r around 20 years (Box & Hubrecht , 1987). 
B i r t h weights have been recorded as 25-35g (al though a range f r o m 26.7-39.6g was 
recorded in this study), w i t h an adult weight range f r o m 386-493g fo r males, and 382-
600g fo r females (Poole & Evan^ 1982). 
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Marmosets are excel lent candidates fo r behavioural research in capt iv i ty (Stevenson, 
1977) . D u e to their smal l size and the re lat ive ly stress-free way in wh i ch they interact 
w i t h humans and react to novel ty responsiveness tests (B lackwood , 2000) they are ideal 
fo r a large scale study o f behavioural responsiveness in a non-human pr imate. A l so , 
thei r behavioural repertoire has been noted i n detai l (Stevenson & Poole, 1976, V o l and, 
1978) . There are, however, several aspects o f their b io logy that i t is impor tant to be 
aware of. 
Marmosets usual ly g ive b i r th to d izygot ic tw ins (Sussman, 2002) , and occasional ly 
tr iplets (more of ten in capt iv i ty ) . O f f sp r i ng who share a w o m b exh ib i t somatic 
ch imer i sm (Ha ig , 1999), w i t h cells f r o m both (or a l l ) products o f concept ion co lon is ing 
the bone mar row o f both (or a l l ) the developing ind iv idua ls . Th is is impor tant in genetic 
studies o f c o m m o n marmosets as i t means that b lood samples cannot be re l iab ly used, 
and tissue or hair samples are required fo r genotyp ing. Th is does not affect her i tab i l i ty 
studies, as al l s ibl ings can be assumed to be d izygot ic . 
A l o n g w i t h the ma jor i t y o f South Amer ican pr imates, marmosets are р о І у т о ф Н і с fo r 
co lour v i s ion , al l males being d ichromat ic , and females d ichromat ic or t r ichromat ic , 
depending on the homozygos i ty o f a single autosomal locus (Jacobs, 1998). Th is w i l l 
lead to var iat ion in ind iv idua l ' s ab i l i ty to perceive colours (Caine & M u n d y , 2000) , and 
possib ly discern colour-based di f ferences between s t imu l i . 
2.1.2 T h e a n i m a l s 
The study group o f 68 common marmosets consisted o f 26 males and 42 females. Th is 
sample was taken f r o m a breeding co lony popula t ion at D S T L Porton D o w n , Sal isbury, 
where tests were carr ied out between January and December 2002. A l l the animals had 
been removed f r om their f am i l y groups at 7-10 months and were l i v i n g in same sex peer 
group gang cages. A g e at the commencement o f test ing ranged f r o m 14 months to 22 
months (see Table 2.1). Group size ranged f r o m seven to 13， w i t h one group (seven) 
be ing spl i t i n to a three and a fou r dur ing test ing, because o f in t ra-group aggression. A 
table o f al l i nd iv idua ls ' sex, age at test ing, b i r th we ight and test weight , and l i t ter size 
can be found in Append ix One. A l l data were recovered f r o m co lony records. These 
measures were impor tant in invest igat ing whether responsiveness was af fected by the 
sex, age or size o f the animals. It is possible that a greater l i t ter size may have a 
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T a b l e 2.1 Descr ip t ive statistics fo r the 68 ind iv iduals in the study sample. 
B i r t h 
w e i g h t (g) 
Test 
we igh t (g) 
L i t t e r size A g e a t 
tes t ing 
(days) 
A g e a t tes t ing 
(mon ths a n d 
days) 
M e a n 32.63 334.13 2.48 442.53 14iท14d 
M i n i m u m 26.7 271 1 322 10m I d 
M a x i m u m 39.6 473 4 673 22m29d 
Range 12.9 202 4 351 12m28d 
S t a n d a r d 
d e v i a t i o n 
3.39 39.94 0.61 92.88 
constra in ing ef fect on the weight o f the animals. There was a smal l but s igni f icant 
negative corre lat ion between l i t ter size and b i r th we igh t ( r = -0.383, p=0.001) , but this 
disappears by the age o f test ing (r = -0.044, p=0.723) . B i r t h we ight and the weight at 
testing are s ign i f icant ly correlated (r = 0.345, p=0.004) , but not very h igh ly , ind icat ing 
that the animals b o m bigger tend to remain bigger than their conspeci f ics. There was no 
di f ference between sexes in weight at b i r th (T=֊0.39, d f = 49 , p=0.70) , but by the t ime 
o f test ing, females were s ign i f icant ly heavier than males (T=2.09 , d f = 65, p = 0.040). 
There was no d i f ference in l i t ter size fo r males and females (T=-0 .40 , d f = 49 , p=0.69) . 
2.1.3 C o l o n y h o u s i n g a n d h u s b a n d r y 
The breeding co lony rooms had a l ight -dark cyc le o f 14 hours l igh t (05:45-19:45) , 
inc lud ing a hal f hour dawn , and 10 hours o f darkness, i nc lud ing a ha l f hour dusk. 
Temperature was mainta ined at around 23.5°c and hum id i t y at 55%. The animals were 
fed once dai ly , at approx imate ly 2pm. Exact feeding t ime var ied s l ight ly f r o m day to 
day du r ing the study depending on both husbandry and the durat ion o f test ing on that 
day. Feeding was ad libitum, w i t h pr imate diet (Special D ie t Services, W i t h a m , Essex, 
U K ) , apples and oranges being g iven da i ly , supplemented by banan as, grapes, pears and 
raisins once a week. Once week ly the animals were g iven mal t loaf, and on a d i f ferent 
day "m i l kshake m i x " , compr is ing o f baby r ice, S M A m i l k powder, Comp lan , glucose 
powder and v i tamin D 3 . In addi t ion to this, bo i led eggs were g iven tw ice week ly w i t h 
an added ร A 3 - 7 v i tam in supplement. Food was g iven in large or smal l sized non-
ref lect ive stainless steel trays, dependent on the number o f animals per cage. Fresh 
water was suppl ied in bott les attached to the cage sides, changed da i ly at approx imate ly 
10am. The bottles themselves were changed and washed week ly . Trays at the bo t tom o f 
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the cages were la id out w i t h sawdust and smal l i tems o f f ood for forag ing, such as 
assorted nuts ( inc lud ing monkey nuts) , freeze dr ied bananas, rice crispies and raisins. 
( I n fo rma t ion suppl ied by an ima l husbandry staf f ) . 
A n i m a l s were housed, depending o n group size, i n either single gang ( i .e. peer-group) 
or interconnected gang cages. Cages were o f t w o sizes. Sma l l cages measured w i d t h 
1220mm, depth 5 2 0 m m , and height 1620mm, w i t h a 610 by 5 2 0 m m she l f 7 6 0 m m 
b e l o w the cage top (ho ld ing a m a x i m u m o f fou r an imฝร) . Large cages, used f o r bo th 
fami l ies and some single sex groups, measured w i d t h 1550mm, depth 850mm and 
height 1620mm, w i t h a 770 by 7 6 0 m m she l f 7 6 0 m m from the cage top (ho ld ing a 
m a x i m u m o f six adults). M ฝ t i p l e cages fo r larger groups were connected by extendable 
semi-transparent plastic and metal "e lephant t r u n k " tub ing (15ctn diameter). M e t a l 
F i g u r e 2 . 1 : A n example (smal l size) cage, showing attached pre-test area cage on 
the le f t , and elephant t runk tub ing on the nght . The buckets, perches and terracotta 
co loured plastic tubes used as enr ichment can be seen i n the cage. A water bot t le is 
attached to the top lef t quarter o f the cage. The she l f used fo r st imulus presentat ion 
has a plastic tube on i t . 
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slides cou ld be f i t ted over the entrances to the cages, restr ic t ing animals ' movement in to 
the connect ive tub ing and hence other cages. Cages were equipped w i t h wooden 
perches fo r the animals to c l imb on , gnaw and scent mark. The perches were replaced 
on a week ly basis. I n addi t ion, enr ichment was p rov ided by rope and w o o d ladders and 
swings, Perspex p la t forms, terracotta co loured plast ic tubes (approximate ly 30cm long 
and 10 c m in diameter) and whi te plastic buckets fo r the animals to c l i m b on and i n . 
The buckets were also used for sleeping i n . F igure 2.1 shows an example cage, w i t h the 
pre-test area cage attached (see 2.2.2). 
A m i n i m u m number o f cages were required for the test procedure (the exact number 
depending on group size), so some groups had cages added or rearranged before test ing 
took place. The test set up is described in F igure 2.2. I f cage set ups were altered to 
achieve this design, a four day m i n i m u m per iod o f accl imat isat ion fo r the animals was 
a l lowed before any test ing took place. The arrangement o f the tub ing and the 
connections between cages were retained as constant throughout the test ing. Outs ide 
test per iod, the post- and pre-observation cages shown in F igure 2.2 were connected. 
2.2 P resen t i ng s t i m u l i 
2 .2Л T r a i n i n g a n d h a b i t u a t i o n 
Test ing was based on the presentation o f novel st imuH to ind iv idua l animals when they 
were temporar i l y isolated f r o m their group, but st i l l w i t h i n a home cage area. An ima l s 
were moved one at a t ime f r o m a pre-observat ion cage into an observat ion cage (Figure 
2.1)， where the response to a st imulus was recorded over a 240 second presentation. 
An ima ls were then moved in to a post-observat ion cage (Figure 2.2). T o this end, the 
animalร needed to be habituated to the presence o f the observer and the mechanics o f 
the test ing. A n i m a l s were exposed to the observer wor tóng i n the room w i t h other 
marmoset groups and a id ing w i t h husbandry (e.g. feeding) before testing. Depend ing on 
the size o f groups and their cage sizes and posi t ion i n the co lony , s l ight variat ions in the 
standardised t ra in ing and habituat ion occurred by necessity. The descr ipt ion o f the basic 
t ra in ing procedures fo r each group o f animals tested is presented be low. 
The in i t ia l task fo r the observer each day was to gather al l o f the animals in the group 
into the pre-observat ion cage (see Figure 2.2). Th is was achieved s imp ly by the 
observer m o v i n g over to that cage on entry into the co lony room. A lmos t al l animals 
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w o u l d approach the observer, who w o u l d then close the metal slides at the cage exi ts, 
thus restr ic t ing the an imals ' movements. A n y animals remain ing i n other cages cou ld 
then be i nd i v idua l l y moved in to the pre-observat ion cage by tapping on the cage and 
tubes to attract the an imal , or gentle encouragement (e.g. open ing the cage and m o v i n g 
an arm towards the animal unt i l i t m o v e d in to the connect ive tub ing) , us ing the metal 
slides as doors to stop other ind iv iduals leav ing. Th is process had to be repeated every 
morn ing pr ior to testing. Once in the pre-observat ion cage, animals were let one at a 
t ime, us ing the metal slides to contro l access, in to the observat ion cage, and then in to 
the th i rd , post-observat ion cage, unt i l a l l had passed through. An ima l s were not selected 
by the observer, rather by oppor tun is t ica l ly a l l ow ing access to ind iv idua l animals as 
they approached. Th is was repeated over several days, w i t h one or t w o run-throughs a 
day. O n the four th run- through, each an imal was le f t i n the observat ion cage fo r a 
m i n i m u m o f one minute before be ing let out. A f t e r al l animals passed one at a t ime 
through the set up f i ve consecutive t imes w i thou t signs o f undue stress, a test 
presentation w i t h a novel object was g iven. The object, a green plastic w ine goblet, had 
been assessed as non-threatening in previous tests. Once al l animals were exposed to a 
four -minute presentation per iod w i t h the goblet w i thou t exh ib i t ing signs o f fear or 
stress, the novel presentation testing proper was started the next w o r k i n g day. 
Presentations in the test cage were not v is ib le to other animals and s t imul i were kept 
h idden f r o m al l animals i n the co lony when not used. An ima ls were thus complete ly 
naïve to the goblet and a l l other novel objects before their o w n test, and visual social 
interactions dur ing the test procedure were avoided. 
2.2.2 N o v e l s t i m u l u s p resen ta t i on tes t ing 
I n the test series each animal was presented w i t h an ident ical set o f nine s t imu l i (Table 
2.2， F igure 2.3), one st imulus per test run. I nd i v idua l objects were not repeatedly 
presented to subsequent animals to avo id any o l factory cues f r o m previous subjects 
(except the mi r ro r , w h i c h was dis infected and rinsed between each use). T h e 
observat ion cage had a "pre-test area" metal box attached to the entrance where animals 
cou ld be ident i f ied before enter ing the ma in test area, and presentations o f the var ious 
st imulus types were randomised for each animal to avo id order effects across the test 
days. A l l objects were placed in the same pos i t ion in the centre o f the cage shelf except 
the mi r ro r , wh i ch was leant against the inside wa l l o f the cage on the shelf. A f t e r animal 
ident i f ica t ion and the p lac ing o f the st imulus in the cage, the observer opened the metal 
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slide separating the pre-test area and presentation cage. Record ing started once the 
animal had moved its head through the entrance in to the observat ion cage. Presentations 
lasted 240 seconds. Th is t ime was chosen based on previous w o r k that indicated i n this 
k i nd o f test set up, i f an animal is go ing to approach and manipulate an object, i t w i l l do 
so w i t h i n four minutes o f enter ing the cage (B lackwood , 2000) . A l l s t imul i were 
immedia te ly v is ib le to a subject enter ing the cage. The observer was present du r ing al l 
presentations, a l l o w i n g the animal in to the observat ion area us ing the above procedure, 
and then standing in a f i xed posi t ion approx imate ly three metres f r o m the cage. 
A f te r the presentation test the animal was let in to the post-observat ion cage, v ia the 
connect ive tub ing , by opening the metal sl ide over the ex i t (after the presentations 
i nvo l v i ng food rewards, Rrr and RIW, i f an ind iv idua l had not ret r ieved a raisin i t was 
given one by the observer). The next animal w o u l d then be let in to the pre-test area and 
the procedure was repeated unt i l al l animals in the group had been presented w i t h a 
st imulus. 
2.2.3 S t i m u l u s select ion 
The objects presented (Table 2.2, Figure 2.3) were selected because o f a combinat ion o f 
su i tabi l i ty and avai lab i l i ty . One st imulus o f each type was required fo r every member o f 
a group tested. Th i s was so no object was presented tw ice dur ing a session, avo id ing 
potent ial o l factory cues f r o m previous animals. Scent mark ing and o l factory 
communica t ion are impor tant in cal l i t r ich ids (Epple et ah, 1993). A l l objects were 
dis infected before each use ( inc lud ing the f i rs t t ime every object was presented), again 
to avo id o l factory cues. 
A number o f p re l im inary tr ials, inc lud ing previous w o r k w i t h 13 ind iv iduals 
(B lackwood , 2000) and tests on 22 animals w i t h i n the current research project, were 
carr ied out to assess the su i tab i l i ty o f d i f ferent s t imu l i f o r object presentation tests. 
None o f these animals were in the f ina l 68 used fo r the ma in presentation tests. The nine 
s t imul i used were chosen because o f the var iat ion in responses f r o m these pre l im inary 
tests. 
W i t h i n the group o f s t imu l i chosen, two have possible " soc i a l " aspects to them. The 
mi r ro r ( M I R ) , obv ious ly hav ing the potent ial to ref lect the subject toward i tsel f and the 
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mouse and cheese toy ( M O U ) hav ing a pro t rad ing head and facia l features 
approximately the same size as a marmoset 's . T w o other s t imu l i inc luded food rewards. 
R I T , ra is in in tube, had t w o i r retr ievable raisins. The t w o raisins i n R I W , ra is in in water, 
were obtainable but submerged. In d i f ferent colonies, both scientists and husbandry 
staff have used and tested food stuffs as various as cream cheese, yoghurt , l iquor ice, 
tuna f i sh , pepper, raisins and nuts as rewards and aversi ve foods dur ing testing and also 
in enr ichment. Rais ins, an easily avai lable preferred food used at Por ton, were decided 
as most appropriate in these tests. 
The f i ve remain ing s t imu l i ( T U B , a grey tube; E G G , a cardboard egg tray; P O T , a blue 
pot; S Y R , a syr inge; and B A L , a ho l l ow p ink bal l ) were chosen because o f the interest 
shown by animals in the pre l iminary presentation tr ials. These objects were al l 
manipulable, w i t h holes fo r the animals to reach in to or protrusions to ho ld or bi te. As 
the animals cou ld l i f t or move the objects, this man ipu lab i l i t y may be related to the 
cont ro l lab i l i ty o f a s t imulus, wh ich can be reward ing fo r an animal in enr ichment 
situations (Sambrook & Buchanan-Smi th , 1997). S t imu l i that are attractive to animals 
because o f such qual i t ies can be more useful in assessing ind iv idua l di f ferences in 
novel ty responsiveness. Th is is because i f an object is attractive the more responsive 
animals should approach i t qu ick ly , and the less responsive animals (or ani mal ร 
responding negat ive ly) approach s low ly , i f at a l l . I f an object is not s t imula t ing, i t is 
possible that none o f the animals w i l l approach i t . I f objects are prev ious ly k n o w n to 
st imulate responsiveness then i t is more l i ke ly that i t is the reaction o f the animal rather 
than the attractiveness o f the st imulus that is being assessed. There may w e l l o f course 
st i l l be var iat ion between potent ia l ly attractive objects in how animals respond to them. 
Conversely to the other s t imu l i , мои, the mouse head and cheese toy , had e l ic i ted 
negative (rather than no) reactions in pre l iminary tests. For this st imulus then, i t is not 
interest versus disinterest being invest igated, but negat ive versus posi t ive interest. As 
Figure 2.1 and Figure 2.3 i l lustrate, the novel s t imu l i selected were not s imi lar to the 
enr ichment objects or elephant t runk present in the cages on a da i ly basis. 
The s t imu l i presented al l represented novel ty in some way and thus cou ld be used to 
assess var iat ion in response. D iss imi lar i t ies between the s t imu l i meant that d i f ferent 
aspects o f responsiveness cou ld be examined. For some s t imu l i , such as M I R , R I T and 
R I W , there was an oppor tun i ty to assess d i f ferent behavioural traits related to response. 
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Table 2.2 Novel s t imฟі used ๒ presentation tasks 
Stimulus 
Code D e s c r i p t i o n 
M I R Mir ror (150 by 150mm, 50mm deep back) 
T U B Corrugated grey plastic tube (approx. 130mm length, 
20mm diameter) 
мои Mouse head in cheese rubber dog toy (60 by SOnrni, wi th a 50mm across protruding head) 
EGG Cardboard egg tray (140 by 140 by 40mm) 
ผ τ Raisin in sealed transparent 50ml tube 
R I W Raisin in water filled metal food dish (125 by 150 by 25mm) 
POT Sealed blue plastic pot (75mm by 60mm) 
SYR Transparent 60ml plastic syringe 
B A L H o l l o w p i n k plast ic ba l l w i t h holes (approx. 6 0 m m diameter) 
Figure 23: Stimuli for presentation. Top row レR: Egg tray (EGG), Niirror (M IR) ; 
middle row レR: Tube for raisin (RIT), blue pot (POT), pink ball (BAL) , mouse and 
cheese toy ( M O U ) ; bottom row L-R: syringe (SYR), corrugated grey ณbe (TUB) . The 
standard metal food dish o f the raisin ш water stimulus (RIW) is not mcluded. 
2.3 D a t a r e c o r d i n g a n d analys is 
2.3.1 R e c o r d i n g 
Data were recorded by direct observat ion using al l occurrences sampl ing o f response 
behaviours. The range o f behaviours noted, i nc lud ing approach, sn i f f i ng and touch ing, 
are g iven in Tab le 2.3. A n example o f the check sheets used can be found i n Append ix 
T w o . The data recorded were used to create fou r measures o f responsiveness: 
(1) Latency to approach w i t h i n one body length (not i nc lud ing ta i l ) o f the object 
(2) Latency to contact ( touching w i t h nose, mouth or hands) 
(3) Dura t ion o f p r o x i m i t y (w i th in one body length) 
(4) Dura t ion o f contact ( touching) 
D u r i n g presentations, al l the behaviours recorded were events. Dura t ion t imes were 
calculated using event t imes, e.g. the t ime between approach st imulus and move away 
f r o m st imulus was used to calculate the durat ion o f p r o x i m i t y to the st imulus. A l l 
p rox im i t y durat ion t imes fo r each presentation session were added together to g ive one 
overal l score, e.g fou r f ive-second periods o f close p rox im i t y to the st imulus w o u l d g ive 
a 20-second durat ion o f p rox im i t y score for that presentation. The same was carr ied out 
for durat ion o f contact t imes. In addi t ion to these measures, every 10 seconds i t was 
noted whether the an imal 's head was or iented towards the object. F r o m th is, a f i f t h 
measure (5) " the propor t ion o f t ime spent v isua l ly attending to the s t imu lus" was 
calculated. These f i ve measures are not independent o f each other, but may cover 
d i f ferent aspects o f an an imal 's response to a st imulus. Au tog room ing , scratching and 
"we t dog shak ing" were recorded as possible measures o f stress (Stevenson & Poole, 
1976; Barros et al., 2000). They were not seen dur ing the test ing of ten enough to be 
stat ist ical ly analysed, and so have not been inc luded in any subsequent analysis. 
2.3.2 s t a t i s t i ca l analys is 
Statist ical analyses were carr ied out using М Ш Г Г А В (regression analyses, ord inal 
logist ic regression, M A N O V A , t-tests; М Ш П 、 А В release 13 .1 , M I N I T A B Inc.) and 
SPSS ( A N O V A , pr inc ipa l component analysis and post-hoc s hef fe tests; SPSS fo r 
W i n d o w s , Re l . 11.0.1. , 2001) , except Bonfer ron i mu l t ip le compar ison calculat ions, 
wh ich were carr ied out by hand f r o m Sokal & R o h l f (1994) , and Power analysis, w h i c h 
was carr ied out us ing G * P O W E R (Erdfelder et al., 1996; Buchner et al., 1997). 
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T a b l e 2.3ะ Behaviours recorded dur ing st imulus presentation tests. A l l behaviours 
were recorded as events, and durat ions calculated subsequently (see 2.3.1) 
B e h a v i o u r D e s c r i p t i o n 
Approach st imulus 
A n i m a l moves to w i t h i n one body length 
o f the st imulus w i t h its head or iented 
toward i t . 
Sn i f f /Touch st imulus w i th nose 
A n i m a l sni f fs the st imulus or touches i t 
w i t h its nose. Th is can on ly occur when 
the animal is w i t h i n one body length o f the 
st imulus. 
Man ipu la te st imulus 
A n i m a l manipulates the st imulus w i t h its 
hands, feet or mouth (b i t ing rather than 
sn i f f ing) wh i ls t or iented towards i t . Th is 
can on ly occur when the an imal is w i t h i n 
one body length o f the st imulus. 
Stop manipu la t ing st imulus 
A n i m a l stops touching the st imulus w i t h 
its hands, feet or mou th , but remains 
w i t h i n one body length o f i t . Th is 
behaviour on ly occurs subsequently to 
manipulate st imulus. 
M o v e away f r o m st imulus 
A n i m a l moves f r o m w i t h i n one body 
length o f the st imulus to fur ther than one 
body length away. Th is behaviour can 
occur subsequently to approach st imulus 
or manipulate st imulus. 
Jump towards st imulus 
A n i m a l moves to w i t h i n one body length 
o f the st imulus wh i l s t or iented towards i t , 
w i t h a fast, bound ing gait where al l four 
l imbs leave the ground. 
Jump away f r o m st imulus 
A n i m a l moves away f r o m the st imulus 
w i t h a fast, bound ing gait where al l f ou r 
l imbs leave the ground. 
A u t o g r o o m 
A n i m a l moves its hands through its body 
hair, of ten v isual ly inspect ing the area at 
the same t ime. 
Scratch A n i m a l moves one hand through its o w n 
body hair i n fast, repet i t ive movements. 
" W e t dog shake" 
A n i m a l shakes qu i ck l y , l i ke a " w e t - d o g " 
(Barros et al, 2000) . Th is behaviour cou ld 
occur i f the animal is wet (s t imulus s ix) . 
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Pedigree construct ion was carr ied out using PedSys (PedSys Vers ion 2.0; D y k e , 1989). 
The computer package Sequential Ol igogenet ic L inkage Analys is Rout ines ( S O L A R 
version 1.6.6; A l m a s y and Blangero, 1998) was used to estimate her i tabi l i t ies. A s 
statistical treatment d i f fers in each chapter, detai led descript ions o f analyses are given 
ind i v idua l l y fo r each one. 
2.4 W e l f a r e d u r i n g tes t ing 
The wel fare o f the ind iv iduals dur ing test ing was impor tant , not on ly f o r the animals 
themselves, but fo r the accuracy o f the recording. I f an animal was stressed before 
enter ing the observat ion cage, behaviours recorded w o u l d not be an accurate measure o f 
response to the st imulus. A l l animals tested were habituated to both the presence o f an 
observer and the mechanics o f the testing (see 2.2.1) before any presentations were 
g iven. A subject ive assessment o f whether or not to test the animals was taken every 
morn ing on entry in to the co lony. I f the animals were phys ica l ly f i gh t i ng , or bu l l y i ng an 
ind iv idua l to the extent that the group cou ld not al l be in the same cage (required due to 
the mechanics o f test ing), test ing was not carr ied out. A l so , i f ind iv idua ls a larm cal led 
excessively and chron ica l ly , or darted cont inuously about the cage i n reaction to the 
observer 'ร or another an imal 's presence, test ing was not carr ied out. No ise levels in a 
fac i l i t y can affect an an imal 'ร behaviour ( M i l l i g a n , et al., 1993), and i f noise f r o m other 
cages (such as a larm calls and scuff les) or husbandry elsewhere in the co lony was 
s ign i f icant ly d isrupt ing the behaviour o f the test animals testing was also stopped. 
Based on personal observations, in such situations animals w i l l not respond to nove l 
s t imu l i , being more interested in what is happening outside the test cage. W i t h i n the 
observat ion cage, buckets and tubes a l lowed the animals to avo id v isual contact w i t h the 
st imulus (and the observer) i f desired. A lso , the bo t tom comer o f the cage under the 
shelf was out o f sight o f the st imulus. I f animals became agitated dur ing a presentation, 
observat ion was cont inued fo r the 240-seconds, and then test ing was stopped un t i l 
animals had sett led, or un t i l the next day. I f the test ing had been stopped m i d 
presentation, then the st imulus w o u l d no longer have been novel when re-presented. 
The human observer was present at al l t imes, and cou ld a l l ow the animal out o f the cage 
i f i t became undu ly stressed ( indicated by fast dar t ing about the cage and/or constant 
alarm ca l l ing) . 
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C h a p t e r T h r e e 
Measures of Responsiveness 
3.1 I n t r o d u c t i o n 
Five variables representing responsiveness were measured dur ing presentations: V isua l 
attendance; Latency to f i rst approach, Latency to f i rst contact; Dura t ion o f p rox im i t y 
and Dura t ion o f contact. These variables are not independent o f each other fo r several 
reasons. F i rs t ly , some measures are dependent upon the occurrence o f others. Latency to 
f i rs t contact is dependent on latency to f i rs t approach, as an an imal cannot touch a 
st imulus w i thou t f i rs t coming w i t h i n one body length o f i t . S im i la r l y , durat ion o f 
contact is "nes ted" w i t h i n durat ion o f p rox im i t y , again because to touch a st imulus the 
animal must be i n p rox im i t y to i t . Secondly, v isual attendance w i l l be expected to occur 
when an an imal is in p rox im i t y to or touch ing a s t imulus, as i t is more l i ke ly to be 
pay ing attention to i t . V isua l attendance then is an overv iew measure o f response that 
includes but is not dependent on the per iods o f physical attent ion measured by the other 
variables. There are thus hierarchical clusters o f interdependent measures. A l l durat ion 
and latency t imes are in ter tw ined, w i t h on ly latency to approach and visual attendance 
not be ing constrained i n some way b y the other measures. 
Th is chapter presents the results fo r the f i ve measures taken, grouped by mean scores 
fo r each an ima l , and by st imulus. The chapter assesses the su i tab i l i ty o f both 
measurements and s t imu l i fo r use in subsequent invest igat ion o f ind iv idua l var iat ion in 
responsiveness. I t is important that there is enough var iab i l i ty in each measure to be 
able to detect ind iv idua l di f ferences. Th is is necessary for the s t imu l i presented as w e l l . 
Add i t i ona l l y , i t is possible that d i f ferent measures w i l l be the most appropriate to use 
fo r certain s t imu l i , depending on the characteristics o f the s t imu l i themselves. Sections 
3.3 to 3.7 assess each o f the f i ve measures used ind iv idua l l y and sections 3.8 and 3,9 
discuss using these results to characterise st imulus response and organise the data fo r 
fur ther analysis. 
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3.2 Ana l ys i s 
Throughout the chapter, box and whisker plots are used to describe the data. 
Interquart i le ranges ( IQRs) , indicated by boxes in the d iagram (e.g. F igure 3.1), g ive a 
measure o f spread o f the data that is unaffected by anomalous outl iers (see F igure 3.1 
legend fo r detai l ) . 
The statistical tests used in analysis were d i f ferent depending on whether the data were 
norma l l y d ist r ibuted. No rma l i t y was tested for both mean response scores and response 
scores fo r each st imulus using K o r m o g o r o v - S m i m o v tests (SPSS fo r W i n d o w s , Re l . 
11.0 .1 ; 2001) . L o g transformations were used to normal ise data d ist r ibut ions when 
possible. I f the nine st imulus scores for a response were no rma l l y d is t r ibuted, analysis 
o f variance ( A N O V A ) and Sheffé post-hoc tests were used to investigate s igni f icant 
di f ferences in the response between the s t imu l i . Where the data were not no rma l l y 
d ist r ibuted, Fr iedman 's analysis o f variance by ranks and related post-hoc comparisons 
(Siegel & Castel lan, 1988) were used to assess st imulus dif ferences. 
Latency t imes were analysed in t w o d i f ferent ways due to the treatment o f censored 
(missing) data, when an ind iv idua l d id not approach the st imulus w i t h i n the four -minute 
presentation per iod. F i rs t ly , censored data were removed, and the remain ing t ime scores 
for each ind iv idua l and st imulus assessed. The number o f censored scores var ied 
between s t imu l i , due to general di f ferences in react ion, as seen fo r other measures. 
Secondly, latency scores were calculated by conver t ing t imes and censored data into 
categorical data to investigate the reactions o f al l animals to a l l s t imu l i . Scores run 
f r o m one to four , w i t h animals quickest to respond scor ing one, and four be ing the 
censored values, so assigned to those ani malร that d i d not approach the st imulus (see 
table 3.5). 
3.3 V i s u a l a t tendance 
Visua l attendance is the most general measure o f responsiveness used, recorded by 
not ing the or ientat ion o f an ind iv iduals head ( toward or away f r o m the st imulus) every 
10 seconds dur ing a four minute presentation. As i t does not re ly on p rox im i t y , un l ike 
the other measures, i t is not necessarily a "pos i t i ve " react ion to a novel s t imulus, merely 
a react ion. Th is cou ld fo r instance include f i xa t ion on a threatening object. The data 
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have a mean o f 0.63 and a standard deviat ion o f 0.18 (range 0.21 to 0.89). Th is mean 
fal ls to the r ight hand side o f the possible d is t r ibut ion, showing ind iv idua ls on average 
spent more than hal f o f the presentation t ime v isual ly attending to objects. M o s t ani mal ร 
scored between 0.45 and 0.9, w i t h three animals fa l l i ng be low this. These results are 
s l ight ly le f t skewed, but a one sample K o r m o g o r o v - S m i m o v ( K - ร ) test shows them to 
be norma l l y d ist r ibuted (K-S z= 0.597, p= 0.868). 
3.3.1 V i s u a l a t tendance scores b y s t imu lus 
Us ing ind iv idua l mean scores to investigate the data gives a general impression o f how 
the animals respond to the s t imu l i presented. I t is also possible to l ook at each st imulus 
ind iv idua l l y , to understand how reactions to them di f fer . F igure 3.1 shows visual 
attendance fo r each st imulus. Di f ferences between the s t imu l i are apparent. A l l data 
ranges over lap to a lesser or greater extent, and the relat ive central i ty o f the medians in 
the I Q R box indicate l i t t le skewness except fo r R I T , the i r retr ievable rais in in a sealed 
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F i g u r e 3 . 1 : V isua l attendance to nine novel s t imu l i fo r 68 ind iv idua ls . The X-axis shows 
st imulus code (see Table 2.2), the y-axis the propor t ion o f t ime spent in v isual attendance. 
C i rc led dots indicate the mean score for each st imulus, crosses indicate out l iers. Boxes 
indicate the range between the f i rst ( Q l ) and th i rd (Q3) quart i le , bisected by the median. 
Whiskers indicate upper and lower l im i ts ( lower l im i t : Q l - 1 . 5 (Q3-Q1) , upper l im i t : Q3 + 
1.5 (Q3-Q1) ) . 
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tube. Th is st imulus shows both the smallest I Q R (0.126) and the highest median (0.96) 
and mean (0.87). Th is indicates that the ma jo r i t y o f the animals spent a lmost the who le 
presentation per iod v isua l ly attending to the st imulus. There are however, several 
out l iers; three ind iv idua ls spent less than 50 percent o f the presentation per iod 
attending. The c o m m o n h igh level o f attention may ref lect the presence o f f ood in the 
st imulus. R I W , a ra is in f ood reward under a layer o f water, receives considerably less 
visual attendance, w i t h median and mean o f both about 0.54. The larger I Q R (0.36) o f 
R I W also shows a greater range o f scores than fo r the other f ood st imulus. O f the 
s t imul i w i thou t f ood rewards, the mi r ror , M I R , has the highest median (0.79) and mean 
(0.77) scores, the second highest measures o f central tendency overal l after R Մ , and the 
second lowest I Q R overa l l (0.28), again after R I T . 
O f the other six s t imu l i , on ly t w o , P O T (the blue pot) and B A L (the p i nk ba l l ) had both 
means and medians be low 0.5. V isua l attendance fo r P O T had a mean o f 0.45 and a 
median o f 0.47, fo r B A L a mean o f 0.44 and median o f 0 .41 . R I W and S Y R , the plastic 
syr inge, both had m i n i m u m scores o f 0， ind icat ing a lack o f overt response on the part 
T a b l e 3 .1 : A N O V A post hoc comparisons (Sheffe) for di f ferences in v isual attendance 
between s t imu l i . The top number refers to the mean di f ference (I֊J, where I is the co lumn 
st imulus and J the row st imulus. The bo t tom number refers to the s igni f icance (p-value). 
Results s igni f icant at p=0.05 are in b o l d . Compar isons fo r R I T are out l ined as an example 
St imulus мш T U B M O U E G G R I T R I W P O T S Y R 
T U B ao тг 
t、
 
О 
M O U 0.0919 
0.704 
о 
m 
00 
00 
9 
E G G 0.1232 
0.277 
vo 
—
՚ 
σ、
 ON 
ᄂ? 
о 
0.0312 
1.000 
R I T σ\ 
寸
 рё
 
ร 
αο
 
s さ
 
R I W さ S 
2。
 0.0576 0.976 
0.1385 
0.134 
0.1072 
0.48^ 
о 
P O T 0.3137 
0.001 
0.1409 
0.117 
SS 
շ* 
pt
 0.4136 
0.001 
S Y R 0.1648 
0.0.25 
σ、
 гง 
0.0417 
0.997 
0.2647 
0.001 
as 
寸
 
9° 
B A L 
О 
ՀՈ
 
ut
 
ՀՈ
 
0.2071 
0.001 
0.4301 
0.001 
0.0999 
0.593 
0.0165 
1.000 
0.1654 
0.024 
40 
of at least one animal . Conversely, al l s t imu l i had m a x i m u m scores o f 1， ind icat ing that 
at least one ind iv idua l spent al l the avai lable presentation t ime v isual ly attending to the 
objects. For al l s t imul i then, the range o f scores covers almost a l l possible t imes spent in 
visual attendance, M I R and R I T hav ing the highest measures o f central tendency and 
the smallest IQRs. The largest IQRs are seen fo r S Y R , and E G G , the egg tray. They do 
not, however, have the lowest mean or median score, so there is no obvious relat ionship 
between these scores and I Q R size across the s t imu l i . 
A n analysis o f variance ( A N O V A ) demonstrates that the var iat ion seen in F igure 3.1 
between s t imu l i is s igni f icant (F(8,603)= 26.117, p< 0.001). Post hoc tests show that the 
main di f ference is between Rrr and the other s t imu l i , and that R I T is s ign i f icant ly 
d i f ferent to al l others except M I R (see Table 3.1). Other di f ferences are h igh l igh ted in 
the table. 
3.4 D u r a t i o n o f p r o x i m i t y 
Figure 3.2 shows the spread o f mean p rox im i t y durat ion scores fo r the nine s t imul i over 
the 68 ani mal ร measured. The data have a mean o f 92.0 and a standard deviat ion o f 34.6 
(range 10.8-165.1). A s the m a x i m u m theoretical score possible is 240 seconds, scores 
are not spread evenly across the presentation t ime. Th is cou ld be because o f an in i t ia l 
E 100 
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POT SYR BAL 
F i g u r e 3.2: To ta l t ime spent in p rox im i t y to n ine nove l s t imu l i f o r 68 ind iv iduals . The 
X-axis shows st imulus code (see Table 2.2), the y-axis the total t ime spent in p rox im i t y 
to a st imulus. Symbols as fo r f igure 3 . 1 . 
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delay in approaching s t imu l i , assessed be low as latency to approach scores. A one-
sample K-S test shows that the data are no rma l l y d is t r ibuted ( K - ร z=0.633, p=0.817) . 
3.4.1 D u r a t i o n o f p r o x i m i t y f o r each s t i m u l u s 
A s w i t h v isual attendance, i t is possible to look at p r o x i m i t y durat ion scores st imulus by 
st imulus. Figure 3.2 demonstrates var iat ion in response using box and whisker plots. 
U n l i k e fo r v isual attendance, none o f the s t imu l i have a range that encompasses the 
entire presentation t ime. Even accepting that an an imal may need several seconds to 
reach the st imulus to be w i th in one body length o f i t , no an imal is in p rox im i t y to any 
st imulus fo r more than 232 seconds. There are always at least 8 seconds dur ing a 
presentation when an an imal is not in p rox im i t y to the st imulus. IQRs , means and 
medians do demonstrate that most animals had much lower p rox im i t y durat ion t imes 
than this. A l l s t imul i except P O T and B A L , however, have reasonably w ide var iat ion in 
response to them, ranging over 200 seconds. The smallest I Q R (46.25) and highest 
median (194) and mean (181.3) are those o f R I T , the i rretr ievable food reward in a 
sealed tube, demonstrat ing the smallest var ia t ion in response. Second to this was M I R , 
T a b l e 3.2: F r iedman 's A N O V A by ranks post hoc comparisons (Siegel & Castel lan, 
1988) fo r di f ferences in p rox im i t y durat ion between s t imu l i . S ign i f icant di f ferences 
are marked by an asterisk in the bo t tom lef t part o f the gr id . The m i n i m u m di f ference 
i n mean rank requi red fo r s igni f icance is 1.5. Th is s igni f icant d i f ference is calculated 
condi t ions (9) . Z can be calculated using appendix A I o f Siegel & Castel lan (1988) . 
St imulus (and M I R T U B M O U E G G R I T R I W P O T S Y R 
mean rank) 6.21 4.76 2.96 4.20 8.54 4.89 3.88 5.72 
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4.76 
M O U 
2.96 
* * 
E G G 
4.20 
* * 
R I T 
8.54 
* * * * 
R I W 
4.89 
* * 
* * 
S Y R 
5.72 
* * * * 
B A L 
3.85 
* * * 
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also hav ing a re lat ive ly h igh median (110.5) and mean (114.1) , and a l ow I Q R (56). A l l 
other s t imu l i except S Y R had both a mean and median o f less than 100 seconds. 
Conversely to M I R and R I T , S Y R showed an I Q R o f 101.5, second highest after E G G , 
w i th an I Q R o f 135.5. мои had both the lowest mean (48.6) and median (13)， and the 
th i rd highest I Q R , 9 1 . There is therefore no obvious relat ionship between average 
scores and I Q R across the s t imu l i . 
As w i t h v isual attendance scores there is s igni f icant var iat ion between the s t imu l i 
(Fr iedman's Ana lys is o f variance by ranks, N = 6 8 , χ 2 8= 201.055 p < 0.000), w i t h R I T 
hav ing s ign i f icant ly higher p rox im i t y scores than any o f the other s t imu l i . Table 3.2 
shows the f u l l array o f comparisons between ind iv idua ls , мои has the greatest 
d i f ference in scores to R I T , and is s ign i f icant ly l ower than f i ve o f the other s t imu l i , мш 
has the second highest response scores, and is s ign i f icant ly d i f ferent to f i ve other 
s t imu l i , as is S Y R . 
3.5 D u r a t i o n o f con tac t 
Dura t ion o f contact is a measure o f how long dur ing the 240-second presentation an 
animal stayed i n physical contact w i t h a s t imulus. Contact inc luded manipu la t ion w i t h 
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F i g u r e 3.3: To ta l t ime spent in contact w i t h n ine novel s t imu l i fo r 68 ind iv idua ls . The 
X-axis shows st imulus code (see Table 2.2), the y-axis the total t ime spent in contact 
w i t h a st imulus. Symbols as in F igure 3 .1 . 
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hands nose and mou th , or rest ing on the st imulus w i t h hands or feet, but not brushing 
past or touch ing w i t h the ta i l . As noted above, the measure is dependent upon the 
animal being close enough to the object to touch i t . A l l scores w i l l thus be lower than 
the corresponding ones fo r durat ion o f p rox im i t y . The frequency o f mean contact 
durat ion over al l s t imul i is shown in F igure 3.6. The data have a mean o f 45.2 and a 
standard deviat ion o f 25.9 (range 0.2 to 103.5), scores being lower , and less spread 
across t ime than fo r p rox im i t y durat ion. The d is t r ibut ion o f scores is norma l (one 
sample K-ร test; K-ร z=0.916, p=0.314). 
3.5.1 D u r a t i o n o f con tac t b y s t imu lus 
Spl i t t ing ind iv idua ls ' mean contact durat ion scores by s t imu l i shows, as before, some 
var iat ion in how the animals react to the d i f ferent objects (F igure 3.3). I n general, and as 
w o u l d be expected, scores are lower than fo r p r o x i m i t y durat ion, and IQRs are both 
smaller and much lower in the possible data range. R I T has the highest mean (118.1) 
and median (118.5) , both higher than the th i rd quart i le (Q3, top o f the box in a box and 
whisker p lo t ) o f the other eight s t imu l i . In the previous t w o measures, however , R I T 
does not have the lowest I Q R , but the second highest (83.25), ind icat ing a much wider 
range o f response than fo r attendance and p r o x i m i t y measures. S Y R , the syr inge, has 
T a b l e 3.3: Fr iedman's A N O V A by ranks post-hoc comparisons fo r di f ferences in 
contact durat ion between s t imu l i . See Table 3.2 
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the largest I Q R (100.5) and the largest range (214.5). The very l ow I Q R of мои and 
the median score o f 0， (w i th a mean o f 14.3) shows very l i t t le in ter - ind iv idua l var iat ion 
in a l o w response, w i t h on ly three animals o f the 68 spending more than 100 seconds in 
contact w i t h M O U . M I R , E G G , R I W , P O T , and B A L al l have IQRs o f 50 or under, 
fa l l i ng at the bo t tom o f the possible data range. F ive o f the s t imu l i ( T U B , мои, E G G , 
P O T and B A L ) have a f i rst quart i le (Ql， bo t tom o f the box i n a box and whisker p lo t ) o f 
zero. E G G and мои also have a Q l and a median o f zero. Overa l l then, except ing R I T 
and to a lesser extent S Y R , contact durations are l o w and w i t h l i t t le var iat ion in 
response compared to visual attendance and p rox im i t y durat ion. 
As w i t h the previous t w o measures, there is s igni f icant var iat ion between s t imu l i fo r 
durat ion o f contact (Fr iedman's A N O V A by ranks, N = 6 8 , χ 2 8 = 191.949, ρく0.001). 
A l t hough M O U and R I T are again the most d i f ferent , w i t h мои being the lowest and 
Rrr the highest, the scores o f the other s t imu l i are more evenly spread out between 
these two . Tab le 3.3 shows that R I T is s ign i f icant ly d i f ferent to a l l other s t imu l i , and 
M O U is s ign i f icant ly lower than six others. S Y R is s ign i f icant ly d i f ferent to f i ve others, 
being lower than R I T , and higher than мои, E G G , P O T and B A L . 
3.6 L a t e n c y to first a p p r o a c h 
Latency to f i rs t approach t imes were analysed in t w o d i f ferent ways, F i rs t ly , by 
remov ing censored data and assessing the remain ing t ime scores using A N O V A ; and 
secondly, by inc lud ing censored data and conver t ing t ime scores in to category data. 
Categories are i l lustrated in F igure 3.5, one being the fastest response and fou r being a 
censored score due to non-approach. 
The f requency o f mean latency to f i rst approach, when non-approaches w i t h i n the 
presentation t ime are ignored, has a m a x i m u m score fo r any ind iv idua l o f 102.78 
seconds and the lowest 12.89 seconds (a range o f 89.89 seconds). Th is demonstrates 
that i f animals are go ing to touch an object, they w i l l do i t w i t h i n a re lat ive ly short 
space o f t ime, but not immedia t on enter ing the presentation arena. W i t h a mean t ime 
over al l i nd iv idua l means o f 41.6 seconds (standard deviat ion 21.57) this indicates a 
sl ight right skew to the data, but one-sample ร - к tests shows them to be no rma l l y 
d ist r ibuted (K-S z= 1.209, p= 0.107). A log t ransformat ion o f the data does move it 
fur ther away f r o m non-normal i ty (K-S z= 0.107, p=0.962). 
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F i g u r e 3.4: box p lo t o f latency to f i rst approach to nine novel s t imu l i fo r 68 
ind iv idua ls . The X-axis shows st imulus code (see Table 2.2), the y-axis the latency to 
f i rst approach t ime in seconds. Symbols are as fo r f igure 3 . 1 . Numbers across the top 
o f the p lo t describe the numbered o f censored scores fo r each st imulus. 
3.6.1 L a t e n c y to first a p p r o a c h scores by s t i m u l u s 
Latency to f i rst approach t imes can be assessed st imulus by st imulus, as w i t h durat ion 
scores. I t should be noted that due to the nature o f latency t imes, a stronger ( in this case 
quicker) level o f response gives a lower score. I f durat ion and latency scores are l i nked 
i t w o u l d thus be expected that s t imul i w i t h a general ly h igh durat ion score w o u l d have a 
l ow latency score. F igure 3.4 indicates that this is indeed the case when compared to 
Figures 3.2 and 3.3. Rrr and R I W , the t w o food-re lated s t imu l i , have both the lowest 
mean (29.99 and 21.19 respect ively) and median (25 and 17) latency scores. 
Interquart i le ranges are qui te l ow , w i t h on ly мои, the mouse and cheese toy, and E G G , 
the cardboard egg tray, scor ing above 50 (77 and 58.75 respect ively) . A l l s t imu l i , 
however, do show ou t l y ing ind iv iduals tak ing longer to approach the st imulus. In 
addi t ion, al l except the food related s t imu l i have censored data, where ind iv idua ls fa i led 
to approach w i t h i n the four -minute presentation per iod. The lowest mean, median and 
interquart i le range are al l shared by R I W . Th is be ing a water - f i l led f ood dish, the in i t ia l 
appearance o f the st imulus i tsel f w i l l be very fami l i a r to the animals; so this result may 
be expected. I f the an imal approaches the st imulus and then notices i t is unusual 
because o f the water, the corresponding latency to contacts may be larger. The visual 
46 
impression f r o m Figure 3.4 o f a relat ionship between censored value and IQRs , wh i ch 
measure the data spread, is supported by a Spearman's correlat ion ( r= 0.973, ท=68, 
p<0.001) . Th is indicates a s imple relat ionship between animals tak ing longer to 
approach a st imulus and animals fa i l ing to approach, rather than a quant i tat ive 
di f ference between approachers and non-approachers. L o g t ransformat ion o f the data 
fo r each st imulus improves normal i t y in al l cases, so the t ransformed data were 
analysed w i t h A N O V A fo r s igni f icant di f ferences. Di f ferences between s t imu l i i n 
latency to f i rs t approach are s igni f icant ( A N O V A F(8,543)= 15.06, p> 0.001), w i t h 
latency to f i rs t approach to R I W being lower than fo r al l other s t imu l i , i nc lud ing R I T 
(Table 3.4). R I T is d i f ferent to on l y three o f the other s t imu l i , мои, E G G and R I W . 
Corresponding ly , latency t imes in response to мои and E G G are s ign i f icant ly greater 
than three and four o f the other s t imu l i respect ively. 
3.6.2 L a t e n c y to first a p p r o a c h categor ies 
Placing latency to f i rs t approach data into categories can avo id the problems 
encountered when us ing censored data, such as possible under-representation o f less 
responsive ind iv idua ls in the data array. Separating ind iv idua ls in to four categories for 
each presentation (Table 3.5) enables the i n ^ ^ ^ o f al l 68 animals ' responses for 
T a b l e 3.4: A N O V A and post hoc comparisons (Sheffé) fo r di f ferences in l og 
t ransformed latency to f i rst approach between s t imu l i . As fo r Table 3.1 
St imulus M I R T U B M O U E G G R I T R I W P O T S Y R 
T U B 
M O U 
E G G 
Rrr 
R I T 
P O T 
S Y R 
B A L 
-0.099 
1.000 
-0.209 
0.240 
-0.231 
0.079 
0.1103 
0.878 
0.3358 
0.001 
-0.046 
1.000 
0.0151 
1.000 
0.0573 
0.998 
-0.199 
0.326 
-0.221 
0.126 
0.1202 
0.827 
0.3456 
0.001 
֊0.036 
1.000 
0.0249 
1.000 
0.0672 
0.995 
0.0218 
1.000 
0.3192 
0.002 
0.5446 
0.001 
0.1627 
0.642 
0.2239 
0.169 
0.2262 
0.038 
0.3410 
0.001 
0.5664 0.2254 
0.001 0.050 
0.1845 -0.156 -0.381 
0.347 0.523 0.001 
0.2458 -0.095 -0.321 0.0613 
0.049 0.951 0.001 0.998 
0.2880 -0.053 -0.278 0.1035 
0.006 0.951 0.004 0.932 
0.042 
1.000 
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each st imulus (Figure 3.5). The categories do not cover equal t ime periods, but are 
organised so that there are enough occurrences in each category to a l low statistical 
analysis, and non-occurrences can also be represented. The technique o f v isual 
presentation used in F igure 3.5 i l lustrates the propor t ion o f animals not approaching for 
each st imulus (category 4) . For al l s t imul i except fo r мои and E G G , categories 1 and 2 
contain the largest propor t ion o f animals. Th is is the case even though the amount o f 
t ime covered by these categories combined is the same as that fo r category 3. Th is 
supports the general impression that, i n the ma jor i t y o f instances, ind iv idua ls w i l l 
approach a nove l st imulus w i t h i n one minute , i f they are to approach at a l l . мои and 
E G G , however , the s t imu l i w i t h the most censored scores, also have the largest 
T a b l e 3.5: Latency t ime categories. Categories are not the same length o f t ime , but 
characterise responses to a l low inc lus ion o f censored data (4) and statistical analyses 
(see Chapter Four ) . 
L a t e n c y ca tego ry L a t e n c y to first occu r rence 
1 0-30 
2 31-60 
3 61-240 
4 N o occurrence w i t h i n 240ร 
60 
& 50 І 40 
I ЗО Ě 20 
10 
о 
• з 
國 շ 
• 1 
^ / ք 송 ł ł et <ł 
stimulus 
F i g u r e 3.5: Bar chart o f latency to f i rst approach categories fo r nine s t imu l i . 
Categories are not t ime propor t ion equivalent (see Table 3.5). The X-axis denotes the 
st imulus, the y-axis cumula t ive frequency across the categories to a m a x i m u m o f 68. 
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proportions for category з, from one to four minutes, demonstrating that animals may 
hesitate yet still approach within the presentation time, in reaction to certain stimuli. 
3.7 Latency to first contact 
Latency to first contact was calculated in the same way as approach latency, but with 
time to physical contact with the stimulus measured rather than proximity to it. As with 
contact duration, first contact is defined as digital manipulation, or resting on the 
stimulus with hands or feet, but not brushing past or touching with the tail. Similarly to 
duration of proximity and duration of contact, latency scores are nested, with contact 
latency scores being lower by necessity than approach latency scores. It is not possible 
to touch a stimulus without first approaching it. Again, due to censored data in 
recording latency times, latency to first contact scores can be examined in two ways. 
Firstly, contact times were assessed with any censored scores excluded from analysis. 
Secondly, latency scores were calculated by converting times and censored data into 
categorical data (see table 3.5) to investigate the reactions of all animals to all stimuli. 
These categories were calculated in the same manner as for latency to first approach 
(section 3.5). 
3 12 31 34 4 12 14 7 7 
- 100 
MIR TUB м о и EGG RtT RIW POT SYR BAL 
Stimulus 
Figure 3.6: Box plot of latency to first contact with nine novel stimuli for 68 individuals. 
The X-axis shows stimulus code (see Table 2.2), the y-axis the latency to first contact time 
in seconds. Symbols as for figure 3.3 
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Table 3.6: ANOVA post hoc comparisons (Sheffe) for differences in log transformed 
latency to first contact between stimuli. As for Table 3.1. 
Stimulus MIR TUB мои EGG RIT RIW POT SYR 
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The data for means across individuals, when censored scores have been removed, have 
a mean of 55.71 and a standard deviation of 23.71 The maximum score of 116.86 
indicates that no individual spent the majority of time in close contact with the 
presentation stimuli. These mean latencies to first contact data are normally distributed 
(K-SZ= 0.961, p=0.134). 
3.7.1 Latency to close contact scores by stimulus 
Examining the stimuli individually for latency times illustrates variation similar to that 
seen for latency to first approach (Figure 3.6). RIW has the lowest mean (28.25) and 
median (18.50) scores, but its IQR overlaps with that of RIT, SYR and BAL. Also, RIW 
has more censored values (12) than any of those other three. RIT no longer stands out as 
it did with the duration scores, мои and EGG have means (98.6 and 89.21 
respectively) and medians (91.0 and 81.5) higher than the Q3 (the top value of the IQR) 
of the seven other stimuli. Their IQRs are also much higher (MOU 113.5, EGG 82). A 
final factor separating them from the other stimuli is the high number of censored 
scores, with each of the two stimuli having almost half the individuals tested failing to 
come into contact with them. The lowest amount of censored data can be seen for MIR, 
the mirror. It can be seen from Figure 3.6 that there is a relationship between IQR, a 
50 
measure of spread of the data, and the number of censored scores (Spearman's 
correlation, r=0.826, p=0.006). This indicates that there is a relatively simple 
relationship between failing to come into contact with a stimulus and tatóng a long time 
to contact it within the presentation period, rather than some qualitative difference in 
response. 
Several of the differences between stimuli indicated by Figure 3.6 are significant (see 
Table 3.6), when data are log transformed to give them a normal distribution. RIW has a 
significantly lower late^^ time to all stimuli except BAL. Note that this includes the 
other food stimulus, Rrr, which is only significantly lower than мои. SYR, 
conversely, is significantly lower scoring than three of the other stimuli, мои and EGG 
are higher scoring than the lowest scoring four and three stimuli, respectively. This 
shows then that individuals' immediate reactions to the two food related stimuli are not 
the same; indeed, other, less apparently similar stimuli may be causing more similar 
first responses. As with latency to first approach, the least attractive stimuli are мои 
and EGG. 
3.7,2 Latency to first contact categories 
The censored data excluded above can be introduced into analysis of latency to first 
contact if data are converted into categories (Figure 3.7). The larger proportions of 
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Figure 3.7: Bar chart of latency to first contact categories for nine stimuli. See Figure 3. 
and Table 3.5 
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animals failing to contact a stimulus than approach it can be seen if these results are 
compared to those in Figure 3.5. For EGG, half of the animals fall into category 4. MIR, 
SYR and BAL have more individuals in category 2 than category 1, indicating slightly 
more hesitation in contact than approach. Al l stimuli except мои, EGG and POT, 
however, still contain the largest proportion of individuals in categories 1 and 2. 
Although it covers half of the possible presentation time, for no stimulus do half of the 
individuals fall into category 3. 
3.8 Characterising stimulus response 
Using the five measures described above, it is possible to characterise general responses 
to the nine stimuli, and assess their suitability for use in assessing responsiveness as a 
trait in the animals tested. In addition to this, certain measures may be more suitable for 
assessing specific stimuli, depending on aspects of the stimuli themselves and the 
characteristic marmoset response to them. Table 3.7 shows a reduced form of the above 
results (Sections 3.3 to 3.7). Stimuli are rated as low, average or high (relative to each 
other) for IQR and measures of central tendency across each of the 5 measures. Based 
on the above analysis, it is possible to separate the stimuli into four groups: (1) мш， the 
mirror; (2) MOU and EGG, low duration, high latency stimuli; (3) Rr r and RIW， the 
food-related stimuli; and (4) TUB, POT, SYR and BAL, simple novel stimuli. The four 
groups and the reasons for the groupings are described below. 
3.8.1 The mirror 
The mirror, MIR, shows a combination of responses that may be expected from its 
particular form. A relatively high visual attendance score shows that animals were 
paying attention to the stimulus. This is supported by the high proximity duration with a 
small spread, also indicating a standardised response. In contrast to this, neither latency 
to first contact nor contact duration are significantly above average. This array of scores 
fits the pattern that might be expected for a mirror, with animals approaching relatively 
quickly and with interest, but not touching the object as they interact with their own 
reflection and moving reflections of the room around them. Ongoing research of similar 
behaviours in baboons indicates heritability in variation in reaction to mirror 
presentation (Rogers et al., 2002), especially with gaze aversion, which could be 
considered reciprocal to visual attendance. For this stimulus then, visual attendance and 
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proximity duration are probably the most insightful measures to use in assessing 
response. 
3.8.2 "Unattractive" stimuli 
MOU, the mouse and cheese toy, and EGG, the cardboard egg tray, are two stimuli with 
similar responsiveness scores. The stimuli show the highest latency scores for both 
approach and contact latencies, with over 30 censored scores each for first contact. 
There are some differences in duration scores, as contact duration for мои is very low, 
with an almost non-existent spread. EGG has the largest interquartile range for 
proximity duration, but both have similar measures of central tendency. Even where 
some variation in durations between the two stimuli does occur, differences are never 
significant. Both stimuli also have above average mean and medi ans for visual 
attendance. Animals are thus spending time looWng at the stimuli, yet generally taking a 
very long time to approach and contact them or not doing so at all. A reaction such as 
this could be regarded as a negative response, in that the animal is aware of the 
stimulus, yet unwilling to interact closely with it. This style of response is easier to 
explain for MOU than EGG. The mouse head that is a prominent feature of мои is 
approximately the same size of the head of a common marmoset. Individuals may have 
therefore been responding to this warily, treating мои as an unusual social stimulus 
rather than merely a novel object. Although not measured objectively, it was noted that 
during MOU presentations many individuals were making threat or alarm vocalisations 
towards the stimulus, more so than for any other object used. Such a response to EGG is 
less expected. In fact, in the same establishment as the breeding colony, husbandry staff 
use cardboard egg trays as enrichment for experimental marmoset pairs. It is possible 
that the majority of animals are simply uninterested in the tray. In that case, however, a 
low visual attendance score would have been expected. It is due to this above average 
visual attention, but reluctance to approach or touch the stimuli, that мои and EGG 
can be grouped together. 
3.8.3 Food related stimuli 
Responses to the two food-related stimuli show clear differences to the other objects 
present, but not always the same differences. RIT, the raisin in a sealed tube, has the 
highest measures of central tendency for visual attendance, proximity duration and 
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contact duration, indicating that not only were the animals most interested in this 
stimulus, but this interest involved touching or manipulating it. In fact, RIT is 
significantly different to all other stimuli in these measures, except мш for visual 
attendance. This significant increase in interest for a foraging "task" has also been found 
for pair-housed female marmosets (Majólo et al., 2003). Conversely, it is with latency 
time recording that RIW, the raisin in the water-filled food bowl, stands out. It has 
significantly lower times for latency to first approach than all other stimuli, and lower 
latency to contact scores than all but BAL. The 12 censored scores for contact latency, 
however, show that not all animals would touch it. Latency scores for RIT are not as 
distinctive, falling within a similar range to the non food-related stimuli. The variation 
in response between RIT and RIW can be explained in terms of the differences between 
the stimuli. RIT is a novel object that contains food that can be seen but not accessed, 
whereas RIW is a familiar food tray, with unfamiliar open water covering the food 
reward. The novel aspect of each is thus different. Animals are quickly approaching and 
touching a familiar food dish, but not spending a lot of time near it or touching it after 
finding the unfamiliar water bloctóng access to the raisin. Conversely, individuals take 
longer to approach, sniff at and touch the novel tube of RIT, but then spend a lot of time 
touching it, trying to recover the raisin, which is a familiar and preferred food. This 
reasoning would account for differences between the stimuli, but also explains why they 
can be grouped together. Although reactions to them are different, what makes 
responses to them vary from the remaining stimuli in both cases is the presence of food. 
The results here demonstrate that this presence elicits a qualitatively different response 
to other novel stimuli. Although not suitable as a simple novel stimulus due to these 
food-motivated differences in responsiveness, the stimuli are still useful in an 
investigation into behavioural variation in the marmoset. Individual, sex, and age 
related variation in response to food related tasks have previously been studied in 
callitrichids (e.g. Box et al., 1999, Day et al., 2003， Rogers, 1999; see Chapter One for 
discussion and more examples). With a sample size of 68 animals, data on food related 
stimuli from this study can add substantially to this area of research, as well as 
complementing responsiveness data gathered from other stimuli. 
3.8.4 "Novel" stimuli 
The fourth grouping of stimuli includes TUB, the grey plastic tube, POT, the blue pot, 
SYR, the syringe, and BAL, the pink hollow ball. The most useful description of this 
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group would simply be "novel stimuli". The only significant differences in response are 
seen between SYR and the others in duration times, due to animals spending more time 
near and touching the syringe than the other three objects. Due to the lack of unusual or 
distinctive response in this group, they make the best candidates for an unbiased 
assessment of novelty response in the marmosets studied, unaffected by additional 
factors. When selecting novel stimuli for enrichment purposes, both complexity and 
controllability are attractive attributes, with controllability being the more important 
(Sambrook & Buchanan-Smith, 1997). Whereas the complexity of these stimuli, as with 
any, would be difficult to ascertain, they can all be manipulated by the marmosets. Al l 
four can be moved by the animals, and have holes or crevices for them to explore. It is 
possible that the high latency times and low contact durations associated with EGG 
were because it did not appear easily moveable or manipulable. It is also possible that 
the actual size of EGG affected the animals' response, as the area of the shelf it covered 
was larger than any of the other stimuli. This large size may have affected the animals' 
willingness to interact. 
3.9 Using the stimuli in further analysis 
The possible confounding aspects of five of the stimuli (MIR, мои, EGG, RIT and 
RIW) do necessarily not rule them out of any further analysis. It is sensible to avoid 
grouping all the stimuli together for a single assessment, but the variation seen in 
response is worth investigating in its own right. Analysis in the subsequent investigation 
will thus use TUB, POT, SYR and BAL as a novel stimulus selection for assessment of 
variation in responsiveness. Separate analysis of the remaining stimuli of interest, 
namely MIR, and the food stimuli RIT and RIW, will also be carried out. мои is still a 
candidate for further analysis, because there is the possibility of reaction to it as a social 
stimulus that wil l highlight characteristic variation. Grouping objects can simplify 
analysis, but is also important to study the stimuli individually, in case there are any 
small but potentially important variations within groups. The next chapter focuses on 
the affect of sex, age and weight on responses to individual stimuli. 
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Chapter Four 
The Effect of Age, Sex and Weight on 
Response 
4.1 Introduction 
When investigating individual variation in a trait, it is important to understand the 
different underlying factors that may cause that variation. The study of sex differences 
in behaviour may be affected by the age of the ani mals studied, and vice versa. Presence 
of confounding variables will affect the assessment of behavioural data for individual 
variation in the "temperament" of individuals. This chapter addresses this with relation 
to the sex of the animals studied, their age at testing, and their weight at testing. As 
stated in Chapter One (1.4), the three relevant hypotheses are: 
2. Sex affects response to novel stimuli in common marmosets, with females being 
more responsive than males 
2. Age affects response to novel stimuli in common marmosets, with older 
subadults being the most responsive 
3. Weight affects response to novel stimuli in common marmosets 
4.2 Analysis 
To test the above hypotheses two methods of assessment were used. Each behavioural 
measure was assessed by testing individual stimulus scores, and also using a mean score 
across all stimuli. Stimuli were not split into the groups described in Chapter Three. 
This was to avoid a false reduction in the number of analyses due to a post-hoc decision 
on how to deal with the data. 
Possible sex differences were thus investigated for each of the five measures, and for 
each stimulus. Where data were not suitable for parametric testing, Mann-Whitney tests 
were used. Otherwise, t-tests were carried out. Multiple comparisons were controlled 
for using a Bonferroni correction (Sokal & Rohlf, 1994). This sets the p-value needed to 
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accept a significant difference between groups at 0.055. The Bonferroni method is a 
conservative method for controlling for multiple comparisons during statistical testing. 
Using a Bonferroni correction method, each comparison uses a significance level of 
๙'= oA, where a= the chosen level of significance testing (i.e. 0.05), ๙'= the level of 
testing after adjustment and к = the number of comparisons. In this instance then, a " = 
0.05/9 = 0.0055, as for each behavioural measure on each variable, nine stimuli are 
being evaluated. Where mean scores across stimuli are tested, the required p-value is 
0.01. 
The effect of age and weight were dealt with differently, as they are continuous rather 
than dichotomous variables. For each stimulus within each measurement, a regression 
analysis was used to investigate the significance and size of any relationship between 
the demographic and the response measures. Due to the age of the animals, their weight 
may be affected considerably by age. In the analysis, therefore, age was controlled for 
when assessing the effect of weight on response. To control for multiple comparisons, a 
Bonferroni correction factor was used. Where measurement data were not continuous, 
but in ordinal categories, (i.e. latency category data), ordinal logistic regressions were 
used. Again, multiple comparisons were controlled for with Bonferroni corrections. 
4.2.1 Power 
Most statistical analyses concentrate on minimizing or controlling the possibility of a 
Type I error (a). There is of course always the possibility of a Type I I error (β), failing 
to find a difference that is actually there. Power analysis deals with this problem, power 
being 1-β. A more powerful experiment then is one that is more likely to reject a false 
Ho than a less powerful one (Howell, 1997). Cohen (1992) suggests a power of 0.80 as a 
convention for general use. This level is a balance between incurring too great a risk of 
a Type I I error and having a demand for a sample size (N) that is "likely to exceed the 
investigator'ร resources" (Cohen, 1992). Power analysis was carried out for all 
parametric tests. 
Non-significant results are likely to be an important part of these analyses, if 
confounding variables are to be dismissed. Bonferroni corrections for multiple 
comparisons make non-significant results more likely to occur, as they lower required 
p-values. Due to this, it would be helpful to demonstrate that those results were actually 
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because of there being no difference, rather than because the statistical test did not pick 
those differences up. An a priori power analysis shows that with an alpha of 0.05 (i.e. 
0.05 being the required level of significance for acceptance of differences), a power of 
0.80 would require a sample size of 128 individuals. During testing, due to time 
constraints, only just over half that number (N=68) were tested. The best path to take 
from here was to analyse the data that were collected within the time constraints and 
report the power of the tests using a post-hoc power analysis for all non-significant 
results. All such analyses were carried out in GPower (Buchner et al., 1993; Erdfelder et 
al, 1996). 
The power of tests was calculated in two ways. Firstly, effect sizes were calculated from 
the data themselves in GPower. They were then used to calculate the power of the test. 
Secondly, effect size conventions (quoted in Gpower, Buchner et al, 1993; Erdfelder, et 
al., 1996) for a medium effect were also used to calculate the power. These two 
methods are referred to as calculated power and convention power throughout the 
chapter. 
4.3 The effect of sex on responsiveness 
4.3.1 Visual attendance 
No significant differences were found between males and females in their mean 
attendance scores (two sample t-test, Тб0=-2.23,р=0.030), when corrections for multiple 
comparisons are taken into account. When data are examined stimulus by stimulus 
(Table 4.1), only one, TUB, shows differences between the sexes after a Bonferroni 
correction for multiple comparisons ( t (6 i )= -3.36, p= 0.0014). Although no sex 
differences were found for eight of the stimuli, the calculated power of the tests are 
generally low. When effect size is calculated for each test only two stimuli, мои and 
BAL having a power approaching or above 0.8 (0.74 and 0.85 respectively). The 
remaining tests have powers of below 0.6. If, however, Cohen's effect size convention 
of 0.5 for a medium effect is used, power is raised so that five stimuli score above 0.7 
(MIR, MOU, RIW, SYR, BAL). The power for RIT remains at around 0.3 for both 
calculations. This stimulus would show significant sex differences without the 
correction for multiple comparisons. 
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Table 4.1: Sex differences in visual attendance for nine stimuli, two-sample t-test 
and power analysis results. Calculated power show the power of the test using an 
effect size calculated from sample means and population standard deviation. 
Convention power used Cohen s (1977) convention effect size of 0.5. Stimulus 
codes are from Table 2.2. 
Stimulus Test Statistic p-value Effect size Calculated 
power 
Convention 
power 
MIR に 9 in 0.44 0.1922 0.5602 0.8929 
TUB t ( 6 i ) = -3.36 0.0014 
MOU M ÍN 0.73 0.0814 0.7434 0.9607 
EGG t(45)=-1.59 0.12 0.4121 0.5332 0.6668 
RIT t(56)= -2.49 0.016 0.5045 0.3330 0.3262 
RIW t(56)=֊1.24 0.22 0.3027 0.4992 0.7787 
POT 0、 о 0.041 0.4993 0.4704 0.4715 
SYR II in 0.18 0.3358 0.5020 0.7423 
BAL σ、 0,98 0.0062 0.9800 0.9973 
4.3.2 Proximity duration 
There were no differences between sexes in the amount of time spent in proximity to the 
stimuli (Two sample t-test, T59=-1.72, p=0.092). Stimuli were assessed individually for 
differences using Mann-Whitney tests with a Bonferroni correction (Table 4.2). There 
are no significant sex differences for any of the nine stimuli, although RIT shows a 
difference that would be significant without correcting for multiple comparisons. 
Table 4.2: Sex differences in proximity duration for 68 ani mal ร across nine stimuli, 
using Mann-Whitney tests. Stimulus codes are from Table 2.2. 
Stimulus Test Statistic p-value 
MIR บ= 458.0 0.267 
TUB บ= 455.0 0.251 
мои ձ 0.644 
EGG บ= 483.0 0.424 
Rrr บ= 344.5 0.011 
RIW บ= 432.0 0.150 
POT บ= 470.0 0.337 
SYR บ= 445.5 0.205 
BAL บ= 537.0 0.910 
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Table 4.3ะ Sex differences in contact duration for 68 animals across nine stimuli, 
using Mann-Whitney tests. Stimulus codes are from Table 2.2. 
Stimulus Test Statistic p-value 
MIR บ= 545.0 0.990 
TUB บ= 498.0 0.540 
MOU บ=521.0 0.718 
EGG บ= 446.0 0.171 
RIT บ= 427.5 0.135 
RIW บ= 394.0 0.055 
POT บ= 431.0 0.137 
SYR บ= 439.5 0.178 
BAL บ= 500.0 0.556 
4.3.3 Contact duration 
There were no significant differences between sexes either for the log transformed mean 
duration of contact per individual (two sample t-test, t54=-1.48, p=0.15), or when data 
for the stimuli were examined individually (Table 4.3). 
4.3.4 Latency to first approach 
Mean scores for each animal for latency to approach, log transformed with censored 
scores removed from the analysis, show no significant differences between the sexes 
(two-sample t-test, t(47)= 1.48， p= 0.14). This is also the case when stimuli are tested 
individually (Table 4.4). Only two stimulus tests have a power above 0.8， TUB (0.87) 
and MOU (0.81) when power is calculated from effect sizes based on the data. The 
remaining t-tests have a power of between 0.48 and 0.62. If effect size conventions are 
used, five of the stimuli have a power of above 0.8 (TUB, мои, EGG, POT, BAL), but 
RIW'ร power is lowered to 0.28. When censored values are included in the analysis, and 
data are assessed in categories (see section 3.52), SYR does show a significant 
difference between the sexes (Mann-Whitney, บ=320, p=0.004), with females tatóng 
longer to approach than males (Table 4.5). 
4.3.5 Latency to first contact 
Mean contact latency times with censored data removed show no differences due to sex 
(t(53)= 1.51, p= 0.14). When tested individually (Table 4.6), only one stimulus, RIT, 
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Table 4.4ะ Sex differences in latency to first approach for 68 animals across nine 
stimuli. For power, see table 4.1. Censored time data were removed from analysis; 
sample sizes for each test are given. Al l tests are regression analyses 
Stimulus N Test Statistic p- Effect Calculated Convention 
(F/M) value size power power 
MIR 42/26 t(57)= 2.01 0.049 0.4943 0.4933 0.5023 
TUB 40/24 0.87 0.0887 0.8744 0.9797 
мои 26/17 T(31)= 0.24 0.81 0.0771 0.8156 0.9461 
EGG 34/18 T(34)= 0.68 0.50 0.2259 0.6132 0.8586 
RIT 42/26 T(55)= 1.66 0.10 0.4079 0.4898 0.6325 
RIW 42/26 T(59)= 2.62 0.011 0.6437 0.5940 0.2783 
POT 36/25 T (5 , )= 1.01 0.32 0.2453 0.5042 0.8225 
SYR 38/26 T(40)= 1.70 0.097 0.4474 0.5137 0.6116 
BAL 40/24 T(52)= 0.99 0.32 0.2513 0.5148 0.8266 
Table 4.5: Sex differences in latency to first approach category data for nine stimuli, 
using Mann-Whitney tests. Stimulus codes are from Table 2.2. 
Stimulus Test Statistic p-value 
MIR บ = 402 0.069 
TUB บ = 528.5 0.825 
мои บ = 513 0.669 
EGG บ = 526 0.804 
RIT II 0.131 
RIW บ = 340.5 0.009 
POT บ = 432.5 0.152 
SYR บ =320.5 0.004 
BAL บ = 482.5 0.423 
demonstrates any differences between the sexes, with females taking longer to touch the 
stimulus than males (t(45)= 3.04, p= 0.0039). The other food related stimulus, RIW 
does tend towards significance (t(45)= 2.23, p=0.030), but is not because of the 
Bonferroni correction factor being used. The eight stimulus tests that show no 
significant variation have a relatively low power, all between 0.5 and 0.64, when 
calculated effect sizes are used. Convention effect sizes (Cohen, 1992) give a power of 
near or above 0.8 to MIR, TUB, мои, POT and BAL, but the power for the RIT test 
becomes very low. If censored data are included in a non-parametric analysis (see 
section 3.6.2), both RIT (Mann-Whitney, บ= 285， p= 0.001) and RIW (Mann-Whitney, 
u= 264, p<0.001) show males coming into contact more quicWy than females (Table 
4.7). 
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Table 4.6: Sex differences in latency to first contact for 68 animals across nine 
stimuli. For power see table 4.1. Censored time data were removed from analysis; 
sample sizes for each test are given. Al l tests are regression analyses. 
Stimulus N Test Statistic ρ- Effect Calculated Convention 
(F/M) value size power power 
MIR 40/25 T(38)= 0.59 0.56 0.1598 0.6306 0.9211 
TUB 34/22 T(35)= 0.76 0.45 0.2168 0.5750 0.8620 
MOU 23/14 T(24)= 0.72 0.48 0.2475 0.5842 0.7922 
EGG 18/16 T(29)=1.13 0.27 0.3929 0.5245 0.6379 
RIT 38/26 T(45)= 3.04 0.0039 0.7983 
RIW 30/26 丁(45)= 2.23 0.030 0.5947 0.5004 0.3652 
POT 30/24 II О 0.37 0.2495 0.5400 0.8251 
SYR 36/25 VO­II ο· Η 0.098 0.4618 0.5396 0.5964 
BAL 37/24 Τ(58)= 0.54 0.59 0.1394 0.5396 0.9214 
Table 4.7ะ Sex differences in latency to first approach category data for nine stimuli, 
using Mann-Whitney tests. Stimulus codes are from Table 2.2. 
Stimulus Test Statistic p-value 
MIR บ = 497.5 0.540 
TUB บ = 473 0.355 
MOU บ = 531 0.842 
EGG บ = 402.5 0.053 
RIT บ = 285 0.001 
RIW บ = 264 0.000 
POT บ = 368 0.024 
SYR บ =358.5 0.018 
BAL บ=498 0.544 
4.3.6 Overall effects of sex on responsiveness 
Mean scores for the five measures show no relationship with the sex of the animals. 
Across all individual stimulus analyses only four stimuli show any significant variation. 
Males visually attend to TUB for longer, and have lower latency to close contact times 
than females for RIT, a food related stimulus. Analysis of category data shows an 
additional significant sex difference for latency to approach SYR. Also, latency to first 
contact demonstrates differences for both of the food stimuli, rather than just Rrr. In all 
three of these cases, males are more responsive than females. 
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Overall, the lack of sex differences refutes Hypothesis 2， which states that sex 
differences should be found, with females being more responsive than males. 
Marmosets might be considered a special case when it comes to sex differences in 
behaviour. Unlike many primate (or indeed mammal) species, males take much of the 
parental care responsibilities. This would lead to less of a reproductive skew than might 
be expected from Bateman'ร principle (Bateman, 1948; Futuyma, 1998, p587), and so 
marmoset males may not be in general more responsive or risk tatóng than females. The 
fact that more differences, and non significant tendencies toward differences, where 
males are more responsive were seen for the food related stimuli than any others is the 
reverse finding than what would be predicted from previous experimental studies where 
females are more responsive (e.g. Box, 1988, Visalberghi et al., 2003). This finding 
does fol low the pattern found for innovative (rather than novelty responsive) behaviours 
across all primates (Reader & Laland, 2001), which included in the main behaviours 
related to novelty. It is possible that sex differences seen in family or pair groups is due 
to female primacy of access to foods rather than a quicker responsiveness per se. In this 
case, the quicker responses of males may be because of the individual animal test set up, 
or that animals are housed in same sex peer groups. Looking at mixed sex housing, even 
within the same colony as testing took place, might find the differences reversed if 
females are present to affect male performance. 
Across all measures relatively large standard deviations, indicating variability in 
responses, caused analyses to have relatively low power when effect sizes were 
calculated from the data. However, i f Cohen's (1992) suggested convention effect sizes 
are used in the power calculations, the power of tests are generally above 0.8. The 
varying sample sizes for individual stimulus latency scores also have an effect on the 
power of calculations. Sample size from the study was constrained by time. Also, it 
could not be predicted beforehand how many animals would fail to approach or touch 
the various stimuli, leading to censored scores in the latency data. The generally higher 
sample sizes for food related stimuli (due to fewer animals having censored scores), as 
well as greater differences between males and females in scores compared to standard 
deviations all affect the relative power of the tests. Power for RIT and RIW is generally 
lower than for the other stimuli across all measures. 
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4.4 T h e ef fec t o f age on responsiveness 
The age o f the animals tested is norma l ly d ist r ibuted (K-S z= 1.250, p = 0.088), 
a l l ow ing parametr ic statistics to be used in analysis where the data be ing tested are also 
norma l l y d is t r ibuted. 
4.4.1 A g e a n d v i sua l a t tendance 
Regression analysis demonstrates no s igni f icant negative relat ionship between age at 
testing and mean visual attendance when the required p-value is corrected for mu l t ip le 
comparisons (r^=0.070, F(1,66)= 4.939,p= 0.030), a l though there is a non-s igni f icant 
ind icat ion o f a very smal l effect. W h e n each st imulus is considered ind iv idua l l y , on ly 
one, T U B , shows any s igni f icant relat ionship ( R 2 = 0.143, F(1,66)= 10.972, p=0.002) . 
SYR (R2= 0.068, F(1,66)= 4.505, p= 0.038) w o u l d have shown a s igni f icant relat ionship 
i f corrections fo r mu l t ip le comparisons had not been made. Us ing calculated power , 
on ly three o f the s t imu l i , M I R , R I T and R I W , have a power o f above 0.8 (al though P O T 
is close). W h e n a standard med ium effect size is used, convent ion power is above 0.85 
fo r al l o f the s t imu l i that show no s igni f icant re lat ionship. 
T a b l e 4.8: Relat ionship between age and visual attendance for 68 animals in 
response to n ine novel s t imu l i , using regression analysis. Power is calculated in t w o 
ways, w i t h an ef fect size calculated f r o m the data, and using Cohen 's ef fect size 
convent ion fo r a m e d i u m ef fect , 0.15 (Cohen, 1988) 
S t i m u l u s Test Sta t is t ic 
(Regression) 
p-
va lue 
E f f e c t 
size 
Ca l cu l a ted 
p o w e r 
C o n v e n t i o n 
p o w e r 
M I R R ' = 0 .001 , F(1,66)= 0.063 0.802 0.0010 0.8085 0.9987 
T U B R^= 0.143, F (1 ,6๑= 10.972 0.002 
M O U R ' = 0.026, F ( , ,66)= 1.737 0.192 0.0266 0.5167 0.9691 
E G G R^= 0.007, F(1,66>= 0.456 0.502 0.0070 0.5938 0.9941 
R I T R^= 0.000, F( 1,6๑= 0.003 0.958 0 0.9580 1.0000 
R I W R ' = 0.000, Fn ,66)= 0.032 0.858 0 0.8580 1.0000 
P O T R^= 0 .001 , F(1,66)= 0.087 0.769 0.0010 0.7765 0.9984 
S Y R R^= 0.068, F ( , ,66)= 4.505 0.038 0.0729 0.5459 0.8596 
B A L R ' = 0.005, F(1,66)= 0.304 0.583 0.0050 0.6423 0.9960 
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4.4.2 A g e a n d p r o x i m i t y d u r a t i o n 
A regression analysis o f the ef fect o f age on the log mean scores o f al l ind iv idua ls fa i ls 
to show a s igni f icant relat ionship at a 0.05 level ( r^=0.042, F(1,66)=2.90, p=0.093) . 
Ind iv idua l st imulus data are not no rma l l y d is t r ibuted, so category data der ived f r o m the 
T a b l e 4.9: Categories fo r non-normal ly d is t r ibuted durat ion t ime analysis. 
Categories are not t ime propor t ion equivalent, but characterise responses to a l l ow 
statistical analysis. 
D u r a t i o n ca tegory D u r a t i o n t i m e (ร) 
1 0-30 
2 31-91 
3 91-240 
T a b l e 4.10ะ Relat ionship between age and p r o x i m i t y durat ion for 68 animals in 
response to n ine novel s t imu l i , using ord ina l logist ic regression analysis. 
S t i m u l u s 
Test Sta t is t ic 
( logist ic regression) 
p-va lue 
MIR N = 68,z=1.33 0.183 
TUB N = 68, z= 1.45 0.147 
MOU N= 68, z= 0.91 0.362 
E G G II OS
 
00
 0.681 
R I T N= 68, z= 0.38 0.701 
RIW N= 68, z= 0.59 0.558 
P O T N= 68, z= 0.95 0.341 
S Y R II σ、
 
00
 
to 0.086 
BAL N= 68, z= 1.38 0.167 
T a b l e 4 .11 : Relat ionship between age and contact durat ion fo r 68 animals in 
response to nine novel s t imu l i , using ord inal logist ic regression analysis. 
S t i m u l u s Test Sta t is t ic 
( logist ic regression) 
p-va lue 
MIR N = 68, z= 0.25 0.804 
TUB N= 68, z= 0.67 0.504 
M O U II 0.134 
E G G N = 68, z= 0.82 0.415 
R I T 
об 
І 0.174 
RIW N= 68, z= 0.70 0.482 
POT N = 68, z= 1.51 0.132 
S Y R 11 
N
 II 0.160 
B A L N = 68, z= 0.67 0.501 
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scores must be used in ord inal logist ic regressions (Table 4.9) . W h e n category data are 
assessed st imulus by st imulus, none o f the tests show a s igni f icant relat ionship between 
age and p rox im i t y durat ion (table 4.10). 
4.4.3 A g e a n d con tac t d u r a t i o n 
Mean durat ion o f contact scores show no s igni f icant relat ionship w i t h age when 
mul t ip le comparisons are contro l led fo r (R2= 0.068, F(1,66)= 4 .54, p=0.037) , a l though 
there are non-s ign i f icant indicat ions o f a possible relat ionship. A s w i t h p rox im i t y 
durat ion, i nd iv idua l st imulus data are not no rma l l y d ist r ibuted. Therefore, i n analysis, 
response categories are used (Table 4.9) . A g a i n , no s igni f icant di f ferences are seen, 
when data are analysed in this way. 
T a b l e 4.12: Relat ionship between age and mean latency to f i rst approach t imes, w i t h 
censored data removed, across nine s t imu l i . Sample size changes due to censored 
scores. See Tab le 4.8. 
St im. N Test Statistic 
(Regression) 
p-
value 
Effect 
size 
Calculated 
power 
Convent ion 
power 
M I R 68 R'= 0.032, F a , 6 6 ) = 2-21 0.142 0.0330 0.5085 0.9553 
TUB 64 R'= 0.016, F ( 1 , 6 6 ) = 1.01 0.320 0.0162 0.5301 0.9818 
M O U 43 R^= 0.004, F n , 3 5 ) = 0.14 0.712 0.0040 0.7347 0.9868 
EGG 54 R'= 0.015, F ( 1 , 5 0 ) = 0.74 0.395 0.0152 0.5606 0.9766 
RIT 68 R 2 = 0.055, F n , 6 6 i = 3.87 0.053 0.0582 0.5105 0.8875 
R IW 68 R 2 = 0.044, F f , ¡ 6 P 3.03 0.086 0.0460 0.5130 0.9252 
POT 61 R 2 = 0.000, F n , 5 9 ) = 0.02 0.903 0.0000 0.9030 0.9990 
SYR 64 R'= 0.000, F ( 1 , 6 2 ) = 0.00 0.975 0.0000 0.9750 1.0000 
B A L 64 R'= 0.022, F ( 1 . 6 2 ) = 1.38 0.245 0.0224 0.5206 0.9725 
T a b l e 4.13: Relat ionship between age and latency to f i rst approach categories fo r 68 
animals across nine s t imu l i . Ord ina l logist ic regression analyses are used. For 
categories see Table 3.5. Nะะ 68 
Stimulus Test Statistic 
(logistic regression) 
p-value 
M I R z = -0.43 0.666 
TUB Z = 1.30 0.194 
M O U z = -0.89 0.373 
EGG Z = -0.30 0.760 
RIT II 
N
 0.034 
R IW Z = ֊1.75 0.080 
POT Z = 0.77 0.444 
SYR Z = 0.10 0.919 
B A L z= -1 .34 0.180 
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4.4.4 Age a n d la tency to first a p p r o a c h 
Latency to f i rst approach shows no signi f icant relat ionship w i t h the animals ' age at 
test ing, using a l og t ransformed mean measure ( r2= 0.017, F ( l , 6 6 ) = 1.11, p = 0.295). 
Ana l yz i ng s t imu l i i nd iv idua l l y , us ing log- t ransformed t imes w i t h censored data 
removed, there are also no signi f icant relat ionships w i t h age. Ana l yz i ng latency to f i rs t 
approach as category data inc lud ing censored t imes (see Table 3.5) shows on ly one 
relat ionship, w i t h older animals tatóng longer to approach R I T , at a level be low 0.05 
( logist ic regression analysis, N = 6 8 , z= -2.12, p=0.034) (Table 4.12) . 
T a b l e 4.14: Relat ionship between mean latency to f i rst contact t imes, w i th censored 
data removed, across nine s t imu l i . Sample size changes due to censored scores. See 
Table 4.8 
S t i m . N Tes t Sta t is t ic 
(Regression) 
p-
va lue 
E f f e c t 
size 
Ca l cu la ted 
p o w e r 
C o n v e n t i o n 
p o w e r 
M I R 65 R^= 0.016, F(1,63)= 1.01 0.319 0.0162 0.5320 0.9827 
T U B 56 が = 0.003, F(1,54)= 0.14 0.708 0.0030 0.7305 0.9947 
M O U 37 R^= 0.002, F(1,36)= 0.06 0.807 0.0020 0.8139 0.9873 
E G G 34 R^= 0.026, F(1,32)= 0.87 0.359 0.0266 0.5422 0.9084 
R I T 62 R^= 0.078, F(1,62)= 5.27 0.025 0.0845 0.5147 0.7716 
R I W 56 R ' = 0.046, F(1,54)= 2.59 0.114 0.0482 0.5180 0.9004 
P O T 54 R^= 0.003, F ( , ,52)= 0.14 0.710 0.0030 0.7316 0.9939 
S Y R 61 R^= 0.005, F(1,59)= 0.30 0.585 0.0050 0.6384 0.9935 
B A L 61 R^= 0.008, F(1,59)= 0.49 0.486 0.008 0.5819 0.9900 
T a b l e 4.15ะ Relat ionship between age and latency to f i rst contact categories fo r 68 
animals across nine s t imu l i . Ord ina l logist ic regression analyses are used. For 
categories see table 3.5. N = 68. 
S t i m u l u s Test Sta t is t ic 
( logist ic regression) 
p-va lue 
м ш z = -1.80 0.070 
T U B Z = 0.50 0.620 
м о и z = -1.91 0.057 
E G G Z = 0.60 0.546 
Rrr Z = -1.48 0.139 
R I W Z = -0.20 0.843 
POT z = 1.61 0.108 
SYR z = 0.34 0.737 
B A L Z = -0.141 0.160 
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4.4.5 A g e a n d la tency to first con tac t 
Mean latency to f i rs t contact scores show no relat ionship w i t h age at test ing (r^= 0 .041 , 
F(1,66)= 0.03， p<0.866) . Th is is also the case when s t imu l i are tested ind iv idua l l y , w i t h 
on ly one s t imulus, RJT, showing a relat ionship at less than p= 0.05， wh i ch st i l l above 
the corrected s igni f icance o f p=0.0055 ( r 2 = 0.078, F(1,62)= 5.27, p=0.025) . When 
categorical data inc lud ing censored values (Table 3.5) are used to ind iv idua l l y assess 
each st imulus (w i t h ord inal logist ic regression analysis), no s igni f icant relat ionships 
w i t h age are seen (table 4.13) . 
4.4.6 O v e r a l l ef fects o f age o n responsiveness 
Us ing mean scores to assess var ia t ion, none o f the measures show s igni f icant var iat ion 
w i t h age, a l though v isual attendance and contact durat ion both have alpha be low 0.05, 
ind icat ing that younger animals may be spending more t ime both look ing at and in 
contact w i t h novel s t imu l i . These possible patteras do not ho ld when ind iv idua l s t imu l i 
are tested. Throughout al l tests, on ly one st imulus shows s igni f icant var ia t ion; younger 
animals are more v isual ly attentive to T U B . Younger animals can thus on ly said to be 
more responsive to this one st imulus, and the general lack o f s igni f icant var iat ion does 
not support Hypothesis 3， that age may have an effect on nove l ty responsiveness. Th is 
contrasts w i t h f ind ings f r o m previous studies o f m i x e d sex and f am i l y groups w i t h 
lower sample sizes i n several d i f ferent pr imate species (whi te- f ronted capuchins, 
V isa lbergh i & Fragaszy, 1995; Fragaszy et a l . , 1997; V isa lbergh i et a l . , 2003; baboons, 
Joubert & Vauc la i r , 1986; saddleback tamarins, Menze l & Menze l , 1979). These studies 
indicated that an ef fect o f age existed fo r both nove l and novel f ood related objects. I t is 
possible, however, that di f ferences in the current study may have been demonstrated i f a 
greater age range were studied, as previous analyses inc lude f u l l y adult ani mal ร. 
As w i th the analysis o f sex di f ferences, the l ow calculated power o f the ind iv idua l tests 
does not a l low an unequivocal statement o f the lack o f any effect. In situations where 
power is above 0,8 (Cohen 's , 1992， convent ion fo r accepting an non-s igni f icant result 
w i thout wo r r y o f a T y p e I I er ror) , calculated ef fect sizes are e f fec t ive ly zero. Th is 
means that on ly when there are no registerable relat ionships at a l l , w i l l a test have 
power. Th is changes radical ly i f ef fect size convent ions are used rather than effect sizes 
calculat ions f r o m the data. I n this case, the power for almost every st imulus test is 
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above 0.8， meaning that the lack o f relat ionships seen are not Type I I errors, but based 
on a real lack o f re lat ionship in the data. 
4.5 Is t he re a r e l a t i o n s h i p be tween we igh t a t tes t ing a n d responsiveness? 
The animals tested span an age range where a s igni f icant amount o f physical g rowth is 
st i l l occurr ing. The we igh t o f the animal may thus be related to its age. T o contro l for 
this potent ial p rob lem, the residuals o f a regression o f we igh t on age ( ք 2 = 0.403， F = 
44.502， p < 0.001) were used in the f o l l o w i n g analysis. B o t h we igh t (K -S z= 0.895， p= 
0.400) and the residuals o f we ight on age (K-S z= 0.745, p= 0.635) are no rma l l y 
distr ibuted. 
4.5.1 V i s u a l a t tendance 
There is no s igni f icant relat ionship between we igh t at test ing and mean visual 
attendance ( r 2 = 0.03, F = 0.197, p=0.658) . W h e n s t imu l i are tested ind iv idua l l y , no 
signi f icant relat ionships are seen (Table 4 .16) , a l though S Y R has a p-value o f be low 
0.05 ( r 2 = 0,064, F = 4.505， p=0.038) . W h e n power is calculated w i t h ef fect sizes f r o m 
the data, f i ve st imulus tests have a power approaching or above 0.8 ( M I R , 0.8085; Rᅲ， 
0.9580; R I W , 0.8580; P O T , 0.7765; S Y R , 0.7765). W h e n power is calculated using 
Cohen's convent ion fo r a med ium effect, a l l s t imu l i have a power above 0.8. 
F i g u r e 4.1b: Regression o f we igh t on visual attendance f o r 68 animals across nine 
s t imu l i . See Table 4.8. 
S t i m u l u s Tes t Sta t is t ic 
(Regression) 
p-va lue E f f e c t 
size 
Ca l cu l a ted 
p o w e r 
C o n v e n t i o n 
p o w e r 
M I R R ' = 0 .001 , F = 0.63 0.802 0.001 0.8085 0.9978 
T U B R^= 0.013, F = 0.898 0.347 0.0131 0.5301 0.9876 
м о и I๙= 0.026, F= 1.737 0.192 0.0266 0.5167 0.9691 
E G G R ' = 0 007, F = 0.456 0.502 0.0070 0.5938 0.9941 
R I T R^= 0.000, F = 0.000 0.958 0.000 0.9580 1.0000 
R I W R^= 0.000, F = 0.032 0.858 0.000 0.8580 1.0000 
P O T R ' = 0 .001 , F = 0.087 0.769 0.010 0.7765 0.9986 
S Y R R^= 0.064, F = 4.505 0.038 0.0683 0.7765 0.8569 
B A L が = 0.005, F = 0.304 0.583 0.0050 0.6423 0.9960 
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4.5.2 P r o x i m i t y d u r a t i o n 
The mean p r o x i m i t y durat ion o f the 68 animalร shows no s igni f icant relat ionship w i t h 
their we ight ( ք 2 = 0.006, F = 0.367, p= 0.547). For ind iv idua l assessment o f s t imu l i , 
category data must be used because o f the non-normal d is t r ibut ion o f p rox im i t y data 
(Table 4.9) . N o s igni f icant relationships are seen (Table 4.17) , a l though t w o s t imu l i , 
E G G and S Y R , have p-values o f less than 0.05. 
4.5.3 C o n t a c t d u r a t i o n 
Mean contact durat ion t imes show no relat ionship w i t h weight at test ing 0 ՝2= 0.005, F= 
0 .331 , p = 0.567). The non-normal ly d istr ibuted data means that categories (Table 4.9) 
T a b l e 4.17ะ Ord ina l logist ic regression o f we igh t on p r o x i m i t y durat ion for 68 
animals across nine s t imu l i . 
S t i m u l u s Test Stat is t ic 
( logist ic regression) 
p-va lue 
MIR z= -0.14 0.890 
TUB z= -0.80 0.421 
M O U II 
N
 0.179 
EGG z= -2.04 0.041 
RIT z= 0.88 0.379 
RIW z= -0.07 0.945 
POT z=-1.21 0.227 
S Y R z= -2.33 0.020 
BAL z=-1.36 0.175 
T a b l e 4.18: Ord ina l logist ic regression o f we igh t on contact durat ion for 68 animals 
across nine s t imu l i . 
S t i m u l u s Test Sta t is t ic 
( logist ic regression) 
p-va lue 
M I R N
 11 0.112 
TUB z=-1.08 0.280 
M O U 0.157 
E G G 
СП 0.188 
R I T ζ= 0.90 0.369 
R I W ζ= -0.24 0.812 
POT ζ= -0.97 0.330 
S Y R Ν 00 I 0 .029 
B A L 
00 11 
Ν 0 .060 
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and logist ic regressions are used fo r ind iv idua l st imulus analysis. A s for mean t imes, no 
s t imul i when tested ind iv idua l l y show any s igni f icant re lat ionship. 
4.5.4 L a t e n c y to first a p p r o a c h 
When censored values are removed f r om the analysis, mean log t ransformed latency to 
f i rst approach scores show no relat ionship w i t h we igh t ( r 2 = 0.044, F = 3.050, p=0.085) . 
When the s t imu l i are tested ind iv idua l l y , again us ing t ime scores and remov ing 
censored data, no s igni f icant relat ionships are seen (Table 4.19) . Calculated power 
analysis o f the tests shows four, T U B , м о и , E G G and R I W to have a power 
approaching or above 0.8. I f power is calculated using ef fect size convent ions, al l 
st imulus tests have a power above 0.8. I f censored values are inc luded in the analysis 
T a b l e 4.19: Relat ionship between mean latency to f i rs t approach t imes and weight , 
w i t h censored data removed, across nine s t imu l i . See table 4.8. 
S t i m . N Test Sta t is t ic 
(Regression) 
p-
va lue 
E f f e c t 
size 
Ca l cu la ted 
p o w e r 
C o n v e n t i o n 
p o w e r 
M I R 68 R^= 0.014, F(1,66)= 0.96 0.331 0.0141 0.5271 0.9865 
T U B 64 R ' = 0.000, F ( , ,62)= 0.01 0.943 0.0000 0.9430 1.0000 
M O U 43 R ' = 0.003, Ғ (1 ,4П= 0.14 0.709 0.0030 0.7263 0.9866 
E G G 54 R^= 0.003, F(1,50)= 0.14 0.715 0.0030 0.7362 0.9941 
Rrr 68 R'= 0.046, F(1,66)= 3.18 0.079 0.0482 0.5132 0.9192 
R I W 68 R^= 0.000， F(1,66)= 0.03 0.868 0.0000 0.8680 1.0000 
P O T 61 が = 0.015, F(1,59)= 0.92 0.342 0.0152 0.5317 0.9805 
S Y R 64 R^= 0.006, F(1,62)= 0.40 0.531 0.0060 0.6031 0.9933 
B A L 64 R^= 0.026, F(1,62)= 1.67 0.201 0.0266 0.5120 0.9640 
T a b l e 4.20: Relat ionship between we igh t at test ing and latency to f i rst approach 
categories fo r 68 animals across nine s t imu l i . 
S t i m u l u s Test Sta t is t ic 
( logist ic regression) 
p-va lue 
M I R 寸 0.255 
TUB z= 1.93 0.053 
M O U 0.215 
EGG z= 1.61 0.106 
RIT z= -0.22 0.827 
R I W zะ=-1.03 0.303 
POT z= 1.68 0.062 
SYR z= 0.23 0.818 
B A L z=—0.17 0.861 
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and the data put into categories (Table 4 .9) , no s igni f icant relat ionships w i th age are 
seen (Table 4.20). 
4.5.5 L a t e n c y to first con tac t 
There is no s igni f icant relat ionship between animals ' weight at testing and mean latency 
to f i rst contact w i t h censored data removed f r o m the analysis (r^= 0 .041 , F = 2.818， p= 
0.098) W h e n examined ind iv idua l l y , r emov ing censored data and using a l og 
t ransformat ion o f t imes, none o f the s t imul i show signi f icant relat ionships (Table 4.21). 
Four o f the st imulus tests have a calculated power o f above 0.8 ( M I R , E G G , S Y R and 
B A L ) , the remainder being between 0.5 and 0.6. I f the power analysis is based on 
convent ion ef fect sizes, al l s t imul i have a power o f above 0.8. When censored values 
T a b l e 4 .21 ะ Relat ionship between mean latency to f i rst contact t imes and weight , w i t h 
censored data removed, across nine s t imu l i . See table 4.8. 
S t i m . N Test Sta t is t ic 
(Regression) 
p-
va lue 
E f f e c t 
size 
Ca l cu la ted 
p o w e r 
C o n v e n t i o n 
p o w e r 
M I R 65 R ' = 0 .001 , F(1,63)= 0.04 0.835 0.0010 0.8402 0.9986 
T U B 56 R^= 0.053, F(1,54)= 3.02 0.088 0.559 0.5160 0.8755 
M O U 37 R^= 0.026, F(1,35)= 0.92 0.344 0.0266 0.5332 0.9157 
E G G 34 I๙= 0.002, F(1,32)= 0.05 0.822 0.0020 0.8278 0.9855 
R I T 62 R ' = 0 .011 ,Fn ,62 )= 0.71 0.403 0.0111 0.5445 0.9863 
R I W 56 が = 0.010, F ( , ,54)= 0.53 0.470 0.0101 0.5815 0.9851 
P O T 54 I๙= 0.060, F ( , ,52)= 3.33 0.074 0.0638 0.5165 0.8450 
S Y R 61 R^= 0 .001 , Fn,59)= 0.06 0.803 0.0010 0.8088 0.9978 
B A L 61 R^= 0.000, F(1,59)= 0.00 0.976 0.0000 0.9760 1.0000 
T a b l e 4 .22: Relat ionship between we igh t at test ing and latency to f i rst contact 
categories fo r 68 animals across nine s t imu l i . Tests are logist ic regressions. 
S t i m u l u s Test Sta t is t ic 
( logist ic regression) 
р-va lue 
M I R N II 0.110 
TUB z = 1.28 0.199 
M O U Z = 0.00 0.999 
E G G Z = 2.24 0.025 
RIT z = -1.17 0.243 
R I W Z = -0.90 0.370 
P O T 
รุ II 
N
 0.110 
S Y R Z = 0.58 0.562 
B A L Z = -0.14 0.892 
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are inc luded in the analysis and the data are grouped in categories (see table 3.5), no 
s igni f icant relat ionships are seen w i t h weight for any o f the s t imu l i (Table 4.22). 
4.5.6 O v e r a l l ef fects o f we igh t o n responsiveness 
N o s igni f icant relat ionship between weight and novel ty responsiveness was seen at any 
level o f test ing, re fu t ing Hypothesis 4. Th is indicates that i f there is a variable 
behavioural strategy at w o r k under ly ing di f ferences at an ind iv idua l leve l , then i t is not 
based immedia te ly on body size. However , as for the other two variables being 
invest igated, l ow calculated power indicates that the lack o f s igni f icance cannot be 
de f in i t i ve ly said to be because there is no re lat ionship, due to the risk o f Type п errors. 
As w i t h the previous t w o variables, power analyses using a convent ion ef fect size rather 
than a calculated one g ive rather d i f ferent results. In this case, power is general ly raised 
to above 0.8, g i v i ng conf idence that, in fact, the poss ib i l i ty o f Type I I errors has been 
avoided. 
4.6 Sex, age a n d we igh t as possible c o n f o u n d i n g va r iab les o n i n d i v i d u a l v a r i a t i o n 
i n b e h a v i o u r 
In general and across al l s t imul i i nd iv idua l l y , there are no strong effects o f sex, age or 
weight on behaviour. Th i s thus means that there are few effects o f an an imal 's age, sex 
or we ight that w o u l d affect subsequent analysis o f ind iv idua l var iat ion in 
responsiveness (Hypothesis 1, Sect ion 1.4). Predict ions made based on previous w o r k 
are not supported, and in a m i n i m u m number o f tests, males were more responsive to 
the food related s t imu l i . M o r e dif ferences and variat ions are seen s ign i f icant ly or near 
so fo r these s t imu l i than the others. Th is supports the conclusions in Chapter Three that, 
al though kept in the analysis, the food related R I T and R I W should be assessed 
separately to the other nove l objects. 
Previous f ind ings that females are more responsive to f ood or food-related s t imu l i (e.g. 
B o x , 1988; V isa lberghi et al, 2003) were not supported in this study. I t is possible that 
di f ferences between this and previous studies, such as the method o f s t imulus 
presentation led to this di f ference. I f faster response t imes o f females are relat ive to 
males in the same group as them at the same st imulus presentation i t w i l l not be echoed 
in an ind iv idua l presentation methodology as used here. I f males are de lay ing approach 
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in deference to female group members, especial ly breeding partners, such di f ferences in 
response w i l l not be expected to be echoed dur ing ind iv idua l tr ials. The age and 
circumstance o f the female marmosets be ing tested may also affect whether or not sex 
di f ferences are seen. Breeding female marmosets can have t w o l i t ters a year, so as 
adults w i l l be almost constant ly lactat ing or gestating. Th is w i l l cause a h igh metabol ic 
demand that requires a h igh level o f f ood intake. Y o u n g females in single sex housing 
w i l l not have these metabol ic demands, and so a sex di f ference w i l l not have been seen 
in the current study. 
Throughout the analyses, power has been calculated by t w o methods. For a l l three o f 
the variables invest igated, and for al l f i ve o f the behaviours measured, the l o w 
calculated power o f the tests can be seen to be problemat ic . Where power is above 0.8, 
the recommended level f o r i t to be set at, ef fect size is in the ma in less than 0 .0001. Th is 
is e f fec t ive ly zero, and indicates that even w i t h a sample size o f 68, h igher than many 
previous pr imate behavioural studies, i t can be d i f f i cu l t to guarantee against the 
poss ib i l i ty o f a Type I I error. In the ma jo r i t y o f tests, power was between 0.5 and 0.6, 
wh ich is not much above a chance level fo r a Type I I error to occur. I ron ica l l y , f r o m the 
point o f v iew o f the larger analysis, i t is the re lat ive ly large standard deviat ions, 
demonstrat ing a great amount o f ind iv idua l var iat ion in response in the animals tested, 
that g ive a l ow ef fect size and thus a l ow calculated power. The very var iab i l i ty that is 
the subject o f the larger analysis then assures a l ow power fo r any tests showing no 
s igni f icant di f ferences or var iat ion between or in traits. 
The second method o f power calculat ion relies on publ ished convent ions (quoted in 
Gpower ; Buchner et a l . , 1993; Erdfe lder et al., 1996). I f , rather than basing ef fect size 
on standard deviat ions or values, convent ion ef fect sizes are used (0.5 fo r sex 
di f ferences, 0.15 fo r possible age weight relat ionships) satisfactory power is reached fo r 
almost al l tests. The tests that do not reach a power o f 0.8 are general ly the t w o f ood 
related s t imu l i , that have i n tests rather l ow alpha values. These l ow values make i t 
more d i f f i cu l t to guarantee that there is no effect occur r ing in the data sample. 
I t seems reasonable on the basis o f these results to assume that there are no effects o f 
the three variables tested. I t is important to be aware that due to the l o w power o f some 
o f the tests, there may be smal l effects that have been over looked. Further invest igat ions 
i n the areas o f sex and age di f ferences in re lat ion to nove l ty responsiveness should not 
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(and w i l l not) be discarded on the weight o f the current f ind ings. I f sex and age are 
inc luded as potent ial covariates in the her i tab i l i ty analyses o f behavioural traits, then 
any potent ia l affect they migh t have can be taken in to account. Th is is the approach 
taken in Chapter Six. The next Chapter, Chapter F ive , investigates d is t i l l i ng behavioural 
response scores into a general responsiveness score, to be used in these her i tab i l i ty 
analyses. 
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C h a p t e r F i ve 
Developing measures of responsiveness 
5.1 I n t r o d u c t i o n 
Var iab i l i t y in animal responsiveness can be measured at several levels, f r o m chemical , 
to phys io log ica l , to behavioural . A t each o f these levels o f assessment, d i f ferent 
measures may best represent the responsiveness o f an an imal . D i f f e ren t specif ic 
response variables may be appropriate in measuring d i f ferent s t imu l i that an animal is 
responding to. For instance, heartbeat or heartbeat var iat ion may best represent a 
phys io log ica l response to a novel object or s i tuat ion in horses {Equus caballuร) (Visser 
et al, 2002) . E i ther changing colour or m o v i n g away may be the most representative 
response to threat in octopuses {Octopus rubescens) (Mather & Anderson, 1993). 
M a n y studies o f response i n primates measure physical behavioural reactions (Table 
5.1). Latency and durat ion scores are the most popular measures o f the selection o f 
studies l is ted in Table 5 .1 . In 16 o f these studies, more than one measure is recorded. 
Latency t imes inc lude latencies to approach (p rox im i t y ) , touch (or contact) and 
manipulate a st imulus, as we l l as feeding when appropriate. Dura t ion scores inc lude 
close p r o x i m i t y to, contact w i t h and explorat ion o f a st imulus. Studies also take note o f 
spatial pos i t ion , attention or head or ientat ion when there is a lack o f physical 
interact ion. Sn i f f i ng , l i c k i ng and contact w i t h the nose are noted in f i ve invest igat ions. 
There are then many ways that response to a st imulus can be measured. I n Chapter 
Three, the possib i l i ty that some behaviours may be more appropriate or in fo rmat ive was 
discussed. Is i t also possible that the d i f ferent variables recorded are ref lect ive o f an 
under ly ing behaviour or trai t? 
I f there is a single under ly ing behavioural responsiveness that these d i f ferent measures 
are tapping in to , then data f r o m those measures cou ld be used to describe i t . Scores 
f r o m di f ferent behavioural variables cou ld be combined or reduced down to one or two 
representative measures that adequately describe the var iab i l i ty seen. Data cou ld in 
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T a b l e 5 . 1 : A selection o f studies broadly representative o f the methods used in 
measuring response behaviours in primates. N = nove l , 0 = object, E = envi ronment F = 
f ood , c= conspeci f ics, M P = model predator ( N / O / F indicates a nove l fo rag ing task). 
Refe rence Species S t i m u l u s Response M e a s u r e 
F ragazy & 
M a s o n ( 1 9 7 8 ) 
Callicebus moloch N / 0 P r o x i m i t y , con tac t , three leve ls o f 
i nves t i ga t i on : 1. L o o ю n g 2. N o n - s p e c i f i c 
b o d y con tac t 3. G r a s p i n g w i t h h a n d ; 
" gene ra l " respons ive behav iou r . 
B o x ( 1 9 8 8 ) Call it h rix jacchus N / E & 
N / O 
A l l behav iou ra l occur rences (exact 
behav iou rs measured no t d e f i n e d ) ) 
Fors ter ( 1 9 9 5 ) Callithrix jacchus 廳& 
N / O 
S ta r i ng at ob jec ts , h a n d l i n g ob jec ts , 
t o u c h i n g ob jec ts w i t h nose, voca l i sa t i on , 
l o c o m o t i o n , c h e w i n g perch 
V i t a l e et al. 
( 1997 ) 
Callithrix jacchus N / O Con tac t ( m o u t h i n g , t o u c h i n g , s i t t i ng ins ide , 
s i t t i ng o n top ) 
Rogers ( 1 9 9 9 ) Callithrix jacchus N / E L a t e n c y to leave nest b o x , n u m b e r o f leaps, 
m o v e m e n t o f head , head c o c k i n g , touches 
o f ob jec ts and numbe rs o f ob jec ts t ouched 
Rogers ( 1 9 9 9 ) Callithrix jacchus N / O N u m b e r o f pe r iods o n ob jec t p l a t f o r m 
B l a c k w o o d 
(2000 ) 
Callithrix jacchus N / O / F , 
N / O 
L a t e n c y to app roach , s n i f f and man ipu la te 
Ba r ros et al. 
( 2 0 0 0 ) 
Callithrix penicillata M P E x p l o r a t o r y b e h a v i o u r ( s m e l l , l i c k , scent 
m a r k , sc ra t cn ing , l o c o m o t o r b e h a v i o u r ) 
D a y et al. ( 2 0 0 3 ) Callithrix spp. N / F , 
N / O / F 
P r o x i m i t y (<50cm)， l a tency to contac t , 
m a n i p u l a t i o n and f e e d i n g ; a t tent iveness 
M a j ó l o ( 2 0 0 3 ) Callithrix jacchus N / O , 
N / O / F 
L a t e n c y to e x p l o r e , d u r a t i o n o f e x p l o r a t i o n , 
la tency to f e e d i n g , aggress ive behav iou rs 
M e n z e l & 
M e n z e l ( 1 9 7 9 ) 
Sag uinus fuscicollis N / O A p p r o a c h ( < 5 0 c m ) , phys i ca l contacts 
H a r d i e & 
B u c h a n a n - S m i t h 
( 2000 ) 
Sag uinus fuscicollis N / O L a t e n c y (enter area, f i r s t app roach 
( < 1 5 c m ) , f i r s t t ouch ) 
B o x ( 1 9 8 8 ) Sag uinus labiatus N / E & 
N / O 
Scent m a r k i n g , a l l o g r o o m i n g , 
a u t o g r o o m i n g , h u d d l i n g , p r o x i m i t y , 
l o c o m o t i o n , m a n i p u l a t i o n , i nspec t i on , 
app roach 
H a r d i e & 
B u c h a n a n - S m i t h 
( 2 0 0 0 ) 
Sag uinus labiatus N / O L a t e n c y (enter area, f i r s t app roach 
( < 1 5 c m ) , f i r s t t ouch ) 
B o x ( 1 9 8 8 ) Sag uinus oedipus 廳& 
N / O 
Scent m a r k i n g , a l l o g r o o m i n g , 
a u t o g r o o m i n g , ก น d d l i n g , p r o x i m i t y , 
l o c o m o t i o n , m a n i p u l a t i o n , i nspec t i on , 
app roach 
D a y et al. ( 2 0 0 3 ) Saguinus spp. N / F , 
N / O / F 
P r o x i m i t y ( < 5 0 c m ) , la tency to contac t , 
m a n i p u l a t i o n and f e e d i n g ; a t tent i veness 
D a y et al. ( 2 0 0 3 ) Leontopithecus spp. N / F , 
N / O / F 
P r o x i m i t y ( < 5 0 c m ) , l a tency to contac t , 
m a n i p u l a t i o n and f e e d i n g ; at tent iveness 
чо
 (re
 
さ
 1 Cebus apella N / F & 
N / O 
Interest ( i n t e rac t i on w i t h conspec i f i cs 
r ega rd i ng f o o d ) , p i c ks up f o o d , eats f o o d 
V i s a l b e r g h i et al 
( 2003 ) 
Cebus apella 醫& 
N / O 
V i s u a l e x p l o r a t i o n ( < l n i ) , con tac t 
( t o u c h i n g and h o l d i n g ) , m a n i p u l a t i o n 
(ac t i ve i n t e rac t i on ) , s n i f f - l i c k i n g ( h o l d i n g ) , 
ea t ing 
F ragazy & 
M a s o n ( 1 9 7 8 ) 
Saimirí sciureus N / O P r o x i m i t y , con tac t , three leve ls o f 
i n ves t i ga t i on ( 1 . L o o k i n g 2. N o n - s p e c i f i c 
b o d y con tac t 3. G r a s p i n g w i t h hand) , 
" gene ra l " respons ive behav iou r . 
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T a b l e 5 .1 Cont inued 
Fa i rbanks ( 2 0 0 1 ) Cercopiîhecus aethiops 
sabaeus 
С La tenc ies ( a p p r o a c h , t ouch , s n i f f , th rea ten) , 
spat ia l p o s i t i o n and head o r i en ta t i on , 
anx i e t y re la ted and n o n d i rec ted 
express ions o f arousa l 
A l e x a n d e r & 
H i n e s ( 2 0 0 2 ) 
Cercopithecus aethiops 
sabaeus 
0 ( toys ) D u r a t i o n s (app roach to <2ทา, con tac t ) 
Cap i t an i o ( 1 9 9 9 ) Macaca mulatta V i d e o o f 
С 
D u r a t i o n s ( l o o k i n g , w i t h d r a w a l ) , 
aggress ive and th rea ten ing behav iou rs 
Jouber t & 
V a u c l a i r ( 1 9 8 6 ) 
Papio hamadryas papio N / 0 L o o k i n g , s n i f f i n g , t ouch w i t h hand , grasp, 
t ranspor t ( h ie ra rch i ca l c o m p l e x i t y ) 
H o p k i n s & 
Benne t t ( 1 9 9 4 ) 
Pan troglodytes 0 L a t e n c y to app roach 
effect be d is t i l led in to a purer descr ipt ion o f a response con t inuum. Methods o f reducing 
the d imensional i ty o f data inc lude Pr incipal Component analysis ( P C A ) and Factor 
Analys is ( F A ) . Th is chapter looks at the possib i l i ty o f p roduc ing a "responsiveness" 
measure f r o m the var ious behavioural variables recorded dur ing observat ions i n th is 
study. 
5.1.1 Ana l ys i s u s i n g P r i n c i p a l C o m p o n e n t Ana l ys i s a n d F a c t o r Ana l ys i s 
Pr inc ipa l component analysis ( P C A ) and Factor analysis ( F A ) are t w o alternat ive but 
c losely related techniques that t ransform data in to a set o f components or factors based 
on under ly ing var ia t ion. Where i t is possible that several measures may be descr ib ing 
very s imi lar , i f not the same, under ly ing variables, they can be used to (attempt to) 
reduce the number o f variables in an invest igat ion. Qu inn & Keough (2002) suggest that 
i n b io log ica l research P C A is the more used o f the two , because i t is the more 
appropriate w i th regard to the subsequent use o f the new ly created variables. They 
summarise the di f ference between the t w o methods (based on Jackson, 1991) as P C A 
" t r y i n g to extract components that expla in the var iab i l i ty in the or ig ina l var iables" and 
F A " t r y i ng to expla in correlat ions among the or ig ina l var iables" (p459) . Wha t does this 
mean b io log ica l ly? 
B o t h methods of analysis have been used in assessment o f the behaviour o f primates 
and other animals. Stevenson-Hinde and col leagues pioneered the technique o f us ing 
P C A to assess ind iv idua l behavioural var iat ion in pr imates in their studies o f rhesus 
macaques (Stevenson H inde & Zunz, 1978, Stevenson-Hinde et al, 1980). In these 
studies, animals were observed and assessed using behavioura l ly def ined adjectives. 
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Us ing a seven-point ratings scale they ident i f ied twenty- three personal i ty and 
temperament traits that were re l iab ly scored across several observers. Us ing pr inc ipa l 
component analysis (s imi lar to factor analysis as used by Chamove et al. (1972) in a 
study o f rhesus macaques) three separate, independent, d imensions ( "conf ident - fear fu l " ; 
"ac t i ve -s low" and "soc iab le-so l i tary" ) were der ived f r o m these traits (Stevenson-Hinde 
& Zunz , 1978). In a subsequent paper, Stevenson-Mnde et al, (1980) describe 
dimensions der ived over three years o f observat ion as "con f iden t " , "exc i tab le " and 
"soc iab le" . The f i rst component in each o f these studies ( "con f iden t - fear fu l " or 
"con f idence" ) is based around traits o f dominance and aggression ( B o l i g et al, 1992). 
Ratings o f these dimensions are reported as rel iable and consistent across observers, and 
also predict ive o f some non-social behaviour (Clarke & Воіпзю, 1995). Us ing the 
technique to investigate the ind iv idua l dist inctiveness o f cats, Felis sylvestris cattus, 
Feaver et al (1986) f ound that " [ t ] he results o f the ratings and direct methods (o f 
behavioural measurement) were s ign i f icant ly corre lated" in f i ve out o f six cases. Us ing 
the same method as Stevenson-Hinde and Zunz (1978) , but replacing pr inc ipa l 
component analysis w i t h factor analysis, Capi tanio (1999) reports some consistency 
across t ime in the personal i ty d imensions o f his macaque subjects. H e also adds a four th 
personal i ty d imens ion, "equab i l i t y " , to those produced by Stevenson-f f inde and co­
workers. B o l i g et al. (1992) use this same method in combinat ion w i t h object ive 
behaviour measurements to investigate personal i ty and react iv i ty in rhesus macaques. In 
this study, as in Capi tan io 'ร (1999) , pr inc ipa l component analysis o f the personal i ty 
traits measured reveals four ma jo r components rather than three, and the f i rst pr inc ipa l 
component traits are related to react iv i ty and response rather than aggression and 
dominance traits. React iv i ty was found to be correlated (either pos i t ive ly or negat ively) 
w i t h 10 o f 20 re l iab ly measured personal i ty traits. "Apprehens ive" , "exc i tab le" , 
" f e a r f u l " , " insecure" , " i r r i t ab le " and " tense" were pos i t ive ly correlated w i t h react iv i ty , 
whereas "con f iden t " , " cu r i ous " , "equab le" and "unders tand ing" showed negat ive 
association. The authors suggest that as l i t t le as three personal i ty trai t measurements 
may be enough to assign a react iv i ty level to al l subjects. Consistency in the 
measurement o f react iv i ty levels, however, is not tota l , as there is on ly complete 
agreement f r o m raters o f react iv i ty (on a scale o f one to three) w i t h 7 o f the 22 animals 
in the study (32%) . 
There are some indicat ions then, that even though this approach is useful and va l id in 
invest igat ing personal i ty and how to rate i t i n pr imates, i t is not a lways consistent ly and 
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completely reliable. The results of Capitanio (1999) and Bolig et а/.'s (1992) studies do 
differ slightly from each other and those of Stevenson-Hinde (Stevenson-Hinde et al, 
1978, 1980). There is within these results either some lack of consistency between the 
workers assessing the ani mal ร, or a difference between groups of conspecifics in what 
can reliably be called a personality trait. Some of these potential problems are avoided 
in the current study. Rather than assessing behavioural traits based on adjectives derived 
through observation, the current study is based on specific quantifiable behaviours. This 
removes subjectivity from observer assessment. As only one group of animals was 
studied, it is not possible to investigate cross population variation in the responsiveness 
measured. A recent study of rhesus macaque behaviour (Williamson et al., 2003) used 
FA to group behaviours related to fear and anxiety, in a way similar to the current study. 
Measures across testing paradigms produced seven factors: distress vocalisations, 
movement, distress cues, delayed independence, early independence, explore familiar 
environment and explore novelty. As indicated by their names, these factors grouped 
behavioural measures by test and by type of behaviour. 
In Chapter Three, novel stimuli were categorised both by their own appearance and the 
general reaction of animals to them. These categorisations can be used when trying to 
find a general measurement for response in the animals tested. Stimuli within one 
categorization may be expected to elicit response along one continuum, and so the 
measurements of responsiveness could be reduced to reflect this. 
5.2 Methods 
In practice, PCA solutions to problems of data reduction often are very similar to FA 
solutions to the same problem. "The choice of common factors or components methods 
often makes virtually no difference to the conclusions of a study" (Cliff, 1987). PCA 
analyses variation across an entire data set. FA splits the contribution made by any 
variable in an analysis into a common and a unique component, and only uses the 
common component in the analysis. The sum of the common components is called the 
communality. Following the majority of primate studies, and acknowledging that all 
variation of the data is potentially important in the study, PCA was used to investigate 
any underlying relationships in response measures. 
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In a Principal Component Analysis, the components produced are the best unrelated 
explanations of the variance in the overall data set. Component I explains the most 
variation in the data and is a line of best fit along the axis of most variation. Component 
Ц is completely uncorrelated with the first, explaining the variance at right angles in the 
data spread. Subsequent components explain remaining, smaller amounts of variance. 
Eigenvalues are used to represent the amount of the original variance that each of the 
new derived variables (i.e. the components) explains. Components with Eigenvalues 
less than 1 are of less importance statistically as they only describe a very small 
proportion of the variance. This is used as an (arbitrary) cut-off point to avoid dealing 
with a lot of components that have little effect. Loadings for each of the new 
components for each original variable give the amount of the variance of that variable 
that the component represents. 
Al l analyses were carried out using SPSS version 11.0.1. Because such data reduction in 
SPSS runs through a Factor Analysis program, it is essential to set the analysis to 
produce as many components or factors as input variables. This is so that the 
communalities of all variables equal one, and all variation across the original measures 
will be involved in the analysis. 
Two series of analyses were carried out on the data. The first series, henceforth referred 
to as PCA-IND, analyses data from individual stimuli in the sets given by the 
categorisation in Chapter Three. Analyses for the five behavioural measures were thus 
carried out for individual stimulus scores in the following four groups: mirror (MIR), 
unattractive stimuli (MOU, EGG), food-related stimuli (RIT, RIW), and novel stimuli 
(TUB, POT, SYR, BAL). The second series, henceforth referred to as PCA-MEAN, 
analyses mean scores from the stimuli in each stimulus group. Four analyses were 
carried out using means scores for the stimuli within the above categories. 
5.3 PCA-IND: results for individual stimulus scores grouped by stimulus category 
The first series of PCA carried out looked at reactions to the stimuli split into the 
categories given in Chapter Three. Each analysis examines all five behavioural 
measures for each stimulus in the category. 
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Table 5.2a: PCA IND Components derived from a PCA of response variables for 
MIR. Data in bold refers to components with an Eigenvalue of one or over. Total 
shows the Eigenvalue for each component; % of үшапсе the amount of variance 
across the whole sample explained by that component. Cumulative % shows the total 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 2.231 44.627 44.627 
II 1.572 31.442 76.069 
I I I 0.603 12.067 88.135 
IV 0.391 7.820 95.956 
V 0.202 4.044 100.000 
Table 5.2b: PCA-IND Component Matrix. Loadings for components derived from 
PCA of response variables for MIR. Each loading gives the amount of the variance of 
that original variable that the component represents (see 5.2). ATT refers to 
attendance; TC to total time spent in contact; TP to total time spent in proximity; AL 
to latency to approach and CL to latency to contact. Only components with 
Component 
Variable I I I 
ATT MIR 0.534 0.681 
TC MIR 0.784 0.262 
TP MIR 0.926 0.136 
A L M I R -0.463 0.708 
CL MIR -0.510 0.721 
5.3.1 PCA-IND: mirror 
The mirror (MIR) is a stimulus categorised separately to the other objects because of its 
unique reflective properties and the animals' reaction to it (Chapter Three). A principal 
components analysis was carried out on the five measurements of response to the mirror 
for all subjects. This was to ascertain whether a dimensionally reduced score would 
display an underlying essence of response. The first two components in the analysis 
have Eigenvalues of above 1, and together explain 76% of the variance seen in the 
scores (Table 5.2a). Component I has relatively high badings for total time spent in 
proximity and contact (Table 5.2b). As might be expected, both latency times load 
negatively. This first component thus describes animals' time spent in close interaction 
with the mirror, and explains 45% of the variance seen. Attendance and both latency 
scores load highly onto Component I I . This component thus describes animals' latency 
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to interact with the mirror, as well as іпсофогаїіп§ something of general attendance 
(which loads relatively high on both components). 
Table 5.3a: PCA-Ľ4D Components derived from a PCA of response variables for 
MOU and EGG. See Table 5.2a. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 4.538 45.381 45.381 
I I 2.195 21.954 67.336 
I I I 1.064 10.643 77.978 
IV 0.707 7.071 85.050 
V 0.542 5.424 90.474 
VI 0.302 3.024 93.498 
VI I 0.258 2.579 96.077 
VI I I 0.152 1.523 97.600 
IX 0.135 1.348 98.947 
X 0.105 1.053 100.000 
Table 5.3b: PCA-IND Component Matrix. Loadings for components derived 
Component 
Variable I I I I I I 
ATT MOU 0.425 -0.087 0.717 
ATT EGG 0.631 0.425 0.417 
TC м о и 0.650 -0.469 0.129 
TC EGG 0.782 0.408 -0.025 
TP MOU 0.748 -0.567 0.083 
TP EGG 0.827 0.454 0.035 
A L M O U -0.630 0.594 0.291 
AL EGG -0.579 -0.419 0.407 
CL MOU -0.705 -0.468 0.259 
CL EGG -0.673 0.588 0.181 
5.3.2 PCA-IND: '4inattractive" stimuli. 
In Chapter Three, the mouse and cheese toy, мои, and the cardboard egg tray, EGG, 
were categorised together as "unattractive" stimuli, although there were differences 
between them in how ani mal ร generally reacted. A principal components analysis of the 
five response measures for the two stimuli shows three components with Eigenvalues 
above one (Table5.3a). These components together explain approximately 80% of the 
variance seen. As with the mirror, the first component describes time spent near the 
stimuli (Table 5.3b). It has high loadings for total contact and total proximity and high 
negative loadings for latency times across both objects. The second component has 
moderate loadings, both positive and negative (0.4-0.594) for all variables except visual 
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attendance to мои, which is very low (-0.0087). The loadings in each measure of 
response are in opposite directions for the two stimuli. This second component thus, if 
anything, contrasts мои and EGG. The third component has a high loading for visual 
attendance to мои (0.717), something lacking in the first two. The second highest 
loading is for visual attendance to EGG (0.417). The uniquely high loading for visual 
attendance to мои may reflect its properties as a stimulus. The mouse head itself, 
being the same size as that of a marmoset, eliciting a definite response from the animals 
in the form of looking, but a wariness to approach or touch it. 
5.3.3 PCA-IND ะ food related stimuli 
A principal component analysis of the responses measured to the two food-related 
stimuli, Rrr (raisin in a sealed tube) and RIW (raisin in a water bath), produces three 
components with Eigenvalues over one (Table 5.4a). Together these components 
explain 73% of the variance. As with the two previous analyses, the first component 
Table 5.4a: PCA-I>ro Components derived from a PCA of response variables for 
Rrr and RIW. See Table 5.2a. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 3.305 33.052 33.052 
II 2.369 23.694 56.746 
I I I 1.629 16.289 73.035 
IV 0.828 8.283 81.318 
V 0.579 5.790 87.108 
VI 0.459 4.588 91.696 
VI I 0.339 3.389 95.085 
VI I I 0.268 2.676 97.761 
IX 0.148 1.482 99.243 
X 0.075 0.757 100.000 
Table 5.4b: PCA-IND Component Matrix. Loadings for components derived from 
Component 
I I I I I I 
ATTRIT 0.737 -0.247 0.519 
ATT RIW 0.677 0.573 -0.111 
TCRIT 0.729 -0.440 0.283 
TC RIW 0.585 0.649 -0.139 
τ ρ κ π 0.785 -0.369 0.332 
TP RIW 0.716 0.585 -0.223 
AL RIT -0.236 0.697 0.331 
AL RIW -0.362 0.219 0.459 
CL RIT -0.217 0.588 0.448 
CL RIW -0.255 0.085 0.753 
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Table 5.5a: PCI-IND Components derived from a PCA of response variables for 
TUB, POT, SYR and BAL. See Table 5.2a. Only the first 10 of 25 components are 
shown. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 7.084 35.419 35.419 
I I 3.394 16.972 52.391 
I I I 1.891 9.456 61,847 
IV 1.444 7.221 69.068 
V 1.288 6.440 75.508 
VI 1.045 5.226 80.734 
VII 0.910 4.548 85.282 
VII I 0.572 2.858 88.140 
IX 0.527 2.637 90.777 
X 0.316 1.579 92.356 
Table 5.5b: PCA-IND Component Matrix. Loadings for components derived from 
PCA of response variables for TUB, POT, SYR and BAL. See Table 5.2b. Only 
Component 
I П I I I IV V V I 
ATT TUB 0.595 0.272 0.045 0.166 0.349 0.015 
ATT POT 0.442 0.674 0.258 -0.059 -0.174 -0.012 
ATT SYR 0.583 0.475 0.112 0.036 -0.133 0.511 
ATT BAL 0.606 0.409 -0.333 0.213 0.120 -0.082 
TC TUB 0.603 -0.260 0.315 0.487 0.291 -0.059 
TC POT 0.672 0.388 0.276 -0.193 -0.117 -0.263 
TC SYR 0.759 0.156 0.029 -0.207 -0.055 0.386 
TC BAL 0.698 0.148 -0.394 0.317 0.154 -0.120 
TP TUB 0.658 -0.393 0.356 0.407 0.218 -0.045 
TP POT 0.723 0.408 0.322 -0.111 -0.146 -0.270 
TP SYR 0.800 0.231 0.007 ֊0.193 -0.092 0.337 
TP BAL 0.662 0.179 -0.507 0.233 0.017 -0.196 
AL TUB -0.358 0.645 -0.178 -0.149 0.139 -0.265 
ALPOT -0.661 0.400 -0.205 0.251 0.213 0.266 
AL SYR -0.550 0.337 0.282 0.503 -0.389 -0.095 
A L B A L -0.500 0.315 0.563 -0.003 0.362 0.081 
CL TUB -0.317 0.713 -0.274 -0.229 0.208 -0.203 
CL POT -0.549 0.384 -0.283 0.284 0.169 0.338 
CL SYR -0.475 0.466 0.155 0.443 -0.513 -0.030 
CL BAL -0.411 0.374 0.479 -0.104 0.468 -0.031 
describes time spent near the stimuli, with high loadings for both stimuli across visual 
attendance, total proximity and total contact (Table 5.4b). Al l of these loadings are 
above 0.65 except that for total time spent in contact with RIW, which is 0.585. The 
second component contrasts between the stimuli the three response variables that load 
highly together in Component I. Total contact, total proximity and visual attendance 
show negative loadings for Rrr and positive ones for RIW. High loadings are also given 
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to latency times for RIT, in the opposite direction to the duration times. The positive 
loadings across the stimuli indicate either a connection between duration scores for RIT 
and latency scores for RIW, or more likely, the contrast between latency and negative 
duration scores for RIW. Also, as with the analysis of unattractive stimuli, contrasts 
between the stimuli are being demonstrated. Component three shows the highest 
loading for latency to come into contact with RIW (0.753), and moderate loading for the 
other latency scores. Total visual attendance for RIT has the second highest loading, 
0.519. If anything then, component three describes to some extent the latency scores 
seen for both stimuli. 
5.3.4 PCA-IND: "novel" stimuli 
The final category described after analysis in Chapter Three is that of novel stimuli. 
These are objects without significant unique features, such as food or reflections, and 
with a similar range of responses from the marmosets. The category includes the grey 
corrugated plastic tube (TUB), the blue pot (POT), the syringe (SYR) and the hollow 
pink ball (BAL). A principal components analysis of the five response measures for 
these four stimuli has six components with Eigenvalues of over one (5.5a). Together, 
these six components explain over 80% of the variation in the data. Component I, which 
explains 35% of the variation seen shows moderate to high loadings for visual 
attendance and total proximity and contact scores (0.442-0.800), along with negative 
latency loadings from -0.317 to -0.661 (Tables.5b). As with previous analyses this 
component seems to be explaining an axis of visual and physical attention to the stimuli 
that contrasts with latency times to both approach and touch. The other five components 
with Eigenvalues of over one do not seem to demonstrate obvious patterns. For 
Component П, the highest ๒adings are for visual attendance to POT, latency to 
approach and contact TUB. Component three has only two variables that have a loading 
of over 0.5， which are total time spent in proximity to BAL (-0.507) and latency to 
approach BAL (0.563). The next highest loading, 0.479, is latency to approach BAL. 
With all other loadings below 0.4, this component then seems to describe reaction to the 
stimulus BAL. For Components 4， 5 and 6, there is no discernable pattern in the higher 
loadings, be they positive or negative. The components explain 7.2%, 6.4% and 5.2% of 
the total variance respectively. 
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5.3.5 Interpreting PCA-IND 
Throughout the PCA analyses a contrast between total contact and proximity times and 
latency times can be seen. In the analysis of response to MIR, total time scores load 
highly on Component I， and latency times load highly on Component I I . This gives two 
components that usefully describe response to the stimulus with reduced dimensionality 
compared to the original measures. The first component of the PCA for мои and EGG 
contrasts the different measures, with high positive loadings for total times and high 
negative loadings for latencies. Analysis of food containing stimuli (RIT and RIW) 
shows a first component explaining variation in total time measures. Latency times, 
however, are not thus characterised. High positive loadings for latency times are seen in 
Component П, but they are shared with several total time measures. The fourth set of 
objects, the novel stimuli, do show a contrast between latency times and total time spent 
in proximity and contact, notably in Component I. Here, although not all loadings are 
high, all durations are positive, and all latency times negative. 
These analyses thus show common underlying threads to measures for most of the 
stimuli. The contrast between latency times and duration times is an obvious one, and 
does not need a principal component analysis to elucidate it. What a principal 
component analysis can do is help to quantify it. Where a single component highlights 
and contrasts the measures; and where a large proportion of the variance is explained by 
that component, it could be used to show a general response to the stimuli tested. Within 
these analyses however, the first component never explains more than 45% of the 
variance. A higher percentage of the variability in the data needs to be explained to 
make any PCA useful. The analysis of the novel stimuli needs so many components to 
explain the variability seen that it has little advantage over the original scores 
themselves. 
5.4 PCA-MEAN: results for mean stimutus reaction scores for each stimulus 
category 
The second series of PCA examined the five behavioural scores for each stimulus 
category (as opposed to individual stimuli within each category, as above). The 
individual animals' scores used were means for each response behaviour calculated 
across the stimuli in the category. 
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5.4Л PCA-MEANะ mirror 
As the mirror was placed in its own category in Chapter Three, the PCA is identical to 
that in 5.3.1. In this analysis, two components describe variance in duration times and 
latency times respectively. Together the components explain 76% of the variance. 
5.4,2 PCA-MEAN: unattractive stimuli 
A PCA of mean response scores for the two unattractive stimuli, мои and EGG, shows 
only one component with an Eigenvalue of one (Table 5.6a). This component loads 
highly for all five measures, the lowest being 0.630 for time spent in visual attendance, 
to 0.946 for time spent in proximity (Table 5.6b). Both latency scores have high 
negative loadings, which contrasts with the high positive loadings for duration times. 
This first component explains approximately 70% of the variance seen across the data. 
A second component, explaining a further 16.8% of the variance has the highest loading 
for visual attendance at 0.710, and all other loadings are 0.485 (mean latency to 
approach) and below. Its Eigenvalue, however, is below one, which indicates it is not a 
statistically important component in the analysis. The first component then is an 
adequate descriptor for the variation seen in response to these unattractive stimuli, 
Table 5.6aะ PCA-MEAN Components derived from a PCA of five mean response 
variables to мои and EGG. See Table 5.2a. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 3.499 69.979 69,979 
I I 0.840 16.808 86.787 
I I I 0.373 7.461 94.249 
IV 0.173 3.462 97.711 
V 0.114 2.289 100.000 
Table 5.6bะ PCA-MEAN Component Matrix. Loadings for components derived 
•C n / ^ A _ jy -— _ — — · 1 1 -k *֊八т т I t r ^ ^ ^ í~« m 1 л 产 л， 
Component 
Variable I 
ATT 0.630 
TC 0.885 
TP 0.946 
AL -0.788 
CL -0.896 
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Table 5.7aะ PCA-MEAN Components derived from a PCA of five mean response 
variables to RIT and RIW. See Table 5.2a. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 2.656 53.124 53.124 
I I 1.359 27.180 80.304 
I I I 0.606 12.115 92.418 
IV 0.239 4.777 97.195 
0.140 2.805 100.000 
Table 5.7bะ PCA-MEAN Component Matrix. Loadings for components derived 
Component 
Variable I I I 
ATT 0.872 0.328 
TC 0.903 0.089 
TP 0.942 0.126 
AL -0.343 0.779 
CL -0.277 0.788 
contrasting duration times and latency times to explain most of the variance seen in the 
data. 
5.4.3 PCA-MEAN: food related stimuli. 
A PCA of the means of the five response measures used for the two food-related stimuli 
(Rᅲ and RIW) shows two components with Eigenvalues of one (Table 5.7a). Together 
these two components explain over 80% of the variation seen in the data. The first 
component explains 53% of the variance in the data and has loadings of over 0.9 for 
both duration scores (Table 5.7b). Visual attendance has a loading of 0.872. Both 
latency scores have low, but negative scores, contrasting them slightly with the duration 
scores. The second component, explaining a further 27% of the variance shows 
relatively high loadings for latency scores (0.779 for mean latency to approach, and 
0.788 for mean latency to contact), and low scores, 0.328 and below, for the three other 
measures. The two components thus together give good representation of the general 
response to food related stimuli. Component I describes variation in how long animals 
stay close to and in physical contact with stimuli; Component п describes variation in 
how long it takes animals to initially approach and touch the stimuli. 
90 
5.4.4 PCA-MEAN: novel stimuü 
Principal component analysis of mean response scores to the four "novel" stimuli (TUB, 
POT, SYR and BAL) gives two components with Eigenvalues of over one (Table 5.8a) 
Component I explains 63% of the variance in the data and has an Eigenvalue of 3.172. 
The mean duration times load most highly, with mean contact duration at 0.893 and 
mean proximity duration at 0.939 (Table 5.8b). Attendance is also relatively high, at 
0.661. Both mean latency scores have reasonably high negative loadings (approach 
-0.760, contact -0.692). A second component, with an Eigenvalue of 1.335, explains 
26.7% of the remaining variance in the data. This component has relatively high 
loadings for attendance (0.675) and both latency to approach (0.569) and latency to 
contact (0.661). The duration loadings are much lower (proximity 0.242, contact 0.243), 
although unlike in Component I， in the same direction of the latency scores. As with the 
unattractive stimuli then, Component I is an adequate descriptor for the variation seen in 
response, contrasting duration times and latency times to explain most of the variance 
seen in the data. Component II， however, also explains a large proportion of the 
variance, and indicates a link between attention and latency times. 
Table 5.8a: PCA-MEAN Components derived from a PCA of five mean response 
variables to TUB, POT, SYR and BAL. See Table 5.2a. 
Initial Eigenvalues 
Component Total % of variance Cumulative % 
I 3.172 63,433 63.433 
I I 1.335 26.698 90.131 
I I I 0.245 4.899 95.030 
IV 0.160 3.208 98.238 
V 0.088 1.762 100.000 
Table 5.8bะ PCA-MEANComponent Matrix. Loadings for components derived 
from PCA of mean response variables to TUB, POT, SYR and BAL. See Table 
5.2b. 
Component 
Variable I I I 
ATT 0.661 0.675 
TC 0.893 0.243 
TP 0.939 0.242 
AL -0.760 0.569 
CL -0.692 0.661 
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5.4.5 Interpreting PCA-MEAN 
To summarise, the second series of analyses produced meaningful components that 
explain a much larger proportion of the variance in the sample than PCA-IԻГО. Results 
for the mirror are identical to those for PCA-IND, with response characterised by two 
factors representing duration of interest and latency to close interaction. Response to the 
two "unattractive" stimuli can be characterised by a single factor that shows latency to 
interaction contrasted against duration of interaction and explains approximately 70% of 
the variance seen in the data. The animals' reaction to the two stimuli containing food 
can be assessed using two scores derived from the PCA. As for MIR, the first describes 
the amount of time spent near or touching the stimulus, the second describes latency to 
interaction. Variation in response to the four "novel" stimuli can be described by two 
scores. The first describes the contrasting duration and latency scores. The second score 
is not as straight forward as the other components in this series of analyses, describing 
as it does variation in attendance and latency. Between the two scores they describe 
over 90% of the variation in response to the four novel stimuli. Table 5.9 summarises 
the useful components and shows how much of the variance they describe. 
Throughout the analyses, visual attendance stands out as a measure not following the 
consistent pattern that latency scores and duration times seem to. Instead, it tends to 
load relatively highly (0.5 or above) with ALL components having an Eigenvalue of 
more than one. The exception to this is a loading of 0.328 for Component I I of the food 
related PCA, which describes latency scores rather well. This could be because it is the 
only measure that does not require physical closeness to the stimulus. Therefore, if a 
Table 5.9ะ Summary of PCA-Mean results suitable for describing individuals' 
Stimulus Group Component Component % of variance 
(with Eigenvalue >1) describes: described 
Mirror I Duration 44 
П Latency 31 
Unattractive I Duration & Latency 69 
Food related I Duration 53 
I I Latency 27 
Novel I Duration & Latency 63 
п Latency 27 
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stimulus is unattractive but noticeable it will elicit as high visual attendance score as 
will an attractive stimulus. With the other measures, unattractive stimuli will elicit a 
high latency score (or indeed a censored value) and low duration scores, and vice versa 
for an attractive stimulus. This means that visual attendance as a measure of reaction 
can cut across the contrasting latency and duration scores. From the perspective of 
individual ani mal ร' responses, whereas a responsive animal wil l have low latency and 
high duration scores, and a negatively responsive animal will have high latency and low 
duration scores, both can have high visual attendance scores. This gives visual 
attendance the potential to convey important information about animal response not 
recorded by proximity measures. What visual attendance does not do, however, is 
differentiate between attraction and repulsion (or caution) with regard to the stimulus. 
This means that in some ways, it conveys less information than the other measures. 
Unfortunately in this set of PCAs, it did not have enough effect on the general variance 
in response (or, in fact, had too consistent a loading on any component) to be helpful in 
analysis and іпїефгеїаііоп. 
5.5 Describing the response measures for use in a heritability analysis 
The large amount of variance explained by the components of PCA-MEAN described in 
section 5.4.5 and in table 5.9 means that they can be used to represent responses to 
novelty. One of the major aims of this thesis is to investigate the possibility of a 
measurable genetic influence on variation in responsiveness in the laboratory population 
Table 5.10: Selective statistics for six continuums derived from the PCA-MEAN 
analyses. R refers to responsiveness. Min.=iฑinimum, Max.= maximum. K-ร refers 
to a Kolmogorov-Smimov test for normal distribution. Continuums with a p-values 
of <0.05 are not normally distributed. * refers to a minimum p-value. Other 
descriptive statistics can be found in the text. 
Continuum Range Normal distribution (K-ร) 
Min. Max. Range Z P 
Mirror duration continuum -2.84 2.20 5.04 0.086 0.200* 
Mirror latency continuum -2.46 1.81 4.27 0.074 0.200* 
Unattractive R continuum -1.48 2.64 4.12 0.145 0.001 
Food duration continuum -2.90 2.32 5.22 0.120 0.016 
Food latency continuum -2.21 2.64 4.85 0.138 0.003 
Novel R continuum -2.82 2.10 4.92 0.67 0.200* 
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of marmosets. To do this a heritability analysis can be carried out on a trait, and this will 
be the focus of the next chapter. For the heritability analysis, the components produced 
by the PCA can be used for this analysis. If possible, it would be preferable for only one 
measure for each stimulus group to be used to investigate heritability in response, as it 
would mean that the responsiveness continuum was being represented by only one 
variable. MIR and the food related stimuli need two components each, one describing 
duration and one describing latency. This means that these two aspects of response need 
to be tested separately in the heritability analysis. In the PCA for the unattractive 
stimuli, a single component can be used to describe response іпсофогаїіп§ both how 
long it takes an animal to approach and touch an object, and for how long it will 
continue interacting with it. The novel stimuli PCA, described two components that 
explained a large proportion of the variance seen. Component I， describes more than 
twice the amount of the variance than Component Two. Also, the first component 
describes and contrasts both latency and duration scores. Component I I does load highly 
for latency scores, but not as highly as Component I. This questions whether or not 
Component Two of the analysis is useful, even though it does describe almost 27% of 
the variance seen in the sample. This is the same amount as component I I of the PCA 
for the food related items, but that describes latency scores as opposed to the duration 
scores described by Component I in that analysis. Component I can be used alone, 
explaining the majority of the variance in scores and also describing and contrasting 
both latency and duration. For two sets of stimuli then, "unattractive" stimuli and 
"novel" stimuli, one component will be used to represent responsiveness in the 
heritability analyses of the next chapter. The mirror, MIR, and the food-related stimuli, 
both need two components to represent response. Interestingly, they also have more 
aspects to the stimuli other than "novelty" to respond to, namely, the reflective quality 
of the mirror, and the raisin reward in the tube and the water bath. Where a single 
component is used, it will be referred to as the responsiveness continuum for that 
stimulus group. Where two components are used, they will be referred to as the duration 
continuum and the latency continuum, as this best characterises the way they describe 
the data. All the score continuums to be used have a mean of 0， a variance and standard 
deviation of 1 and a standard error of 0.121. Table 5.10 describes the range of each 
continuum and whether it is normally distributed. 
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5,6 General conclusions 
Both PCA-IND and PCA-MEAN provide component scores that can describe the 
animals' reaction to the stimuli. For PCA-MEAN, unlike PCA-IND, these components 
describe a high proportion of the variance in the data. This makes individual animalร' 
scores for these meaningful components suitable for characterising their response to 
novelty of different forms. The original data from behavioural observations are thus 
reduced in dimensionality enough to be usefully used as behavioural measures in a 
behavioural genetic analysis to establish whether there is a genetic basis to variation in 
responsiveness in this population of common marmosets. The study differs from most 
previous uses of PCA in behavioural work that has sought to explain personality 
differences as here several measured behaviours have been reduced to one or two 
underlying components. In previous studies using similar techniques, results from the 
reduction of data from subjective behavioural descriptives were used to find underlying 
personality traits (Stevenson-Hinde & Zunz, 1978; Stevenson-Hinde et a l , 1980; Bolig 
et al. 1992; Capitanio, 1999). Some recent studies, especially Williamson et al., (2003)， 
have used PCA in a similar way, and also carried out heritability analyses on the results 
as is described in Chapter Six of this study. 
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Chapter Six 
The Heritability of Behavioural Traits 
Related to Response 
6.1 Introduction 
Previous chapters have described the behavioural variation in response to a set of 
stimuli in a group of common marmosets and response continua derived from the 
measurements used. Five behaviours related to response, visual attendance, latency to 
first approach, latency to first contact, duration of proximity and duration of contact 
were demonstrated to be measurable and variable across the animals tested. The nine 
stimuli used in the presentations were grouped based on these responses for further 
testing (Chapter Three). The age and weight of the animals were found not to have any 
major effect on the variation in response, but some small yet significant effects of sex 
were noted (Chapter Four). Principal component analyses were carried out on the 
stimulus groups defined. Components produced by the analysis of mean response scores 
to the stimulus groups were used to produce a set of general response continua (Chapter 
Five). This chapter investigates using heritability analyses to assess the genetic 
influence on these response continua produced and the mean stimulus group responses 
themselves. 
6.1.1. Heritability 
Heritability is essentially a statistic that estimates the genetic effect size on a trait (i.e. 
how much of the variation seen in the trait has a genetic basis), be it a physical 
characteristic (Roberts et al., 1978), a physiological measure (Rogers et al., 2004), or a 
psychological trait (Bouchard, 1994). As such, it explains the genetic contribution to 
variation in a trait across a population, rather than the phenotype of a single individual 
(Plomin et al, 2000). Two different definitions of heritability are discussed in the 
literature, broad-sense heritability, and narrow sense heritability (e.g. Futuyma, 1998; 
Falconer & Маскау, 1996; Plomin et al, 2000. These two definitions vary in both their 
use and usefulness. Broad sense heritability, also referred to as the "degree of genetic 
determination" (Falconer & Маскау, 1996, pl23) relates to all sources of genetic 
96 
variance, whether the genes operate in an addi t ive manner or not (P lomin et al, 2000). 
Nar row sense her i tab i l i ty , wh ich most l i terature refers to as s imp ly her i tab i l i ty , 
"expresses the extent to wh ich phenotypes are determined by the genes transmit ted f r o m 
the parents." (Falconer & M a c k a y , 1996, p l 2 3 ) . I t refers on ly to the propor t ion o f the 
phenotypic variance that is expla ined by addi t ive genetic effects. I t is possible that 
genetic and env i ronmenta l dif ferences in behaviour can be confounded, fo r instance 
when two f a m i l y groups occupy d i f ferent "m ic roenv i ronmen ts " (Futuyma, 1998). Th is 
is d i f f i cu l t to cont ro l for in humans and in non-human primates when breeding and the 
locat ion o f animals cannot be contro l led. 
Nar row sense her i tab i l i ty is the meaning that is most impor tant in this study. I t is more 
relevant than broad sense her i tab i l i ty fo r pract ical риф08Є8 ( inc lud ing an imal breeding), 
as i t gives an ind ica t ion o f the extent to w h i c h a t ra i t w i l l "breed t rue" . Hencefor th , 
her i tab i l i ty w i l l refer to ո arrow-sense her i tab i l i ty as described above. 
6.1.2 U s i n g he r i t ab i l i t i e s to s tudy t r a i t v a r i a t i o n 
Her i tabi l i t ies are specif ic to the populat ion in wh i ch they are measured, at the t ime o f 
measuring and are not ind icat ive o f a universal , species w ide t ruth. Th is is because both 
the ef fect o f an env i ronment and the genetic ef fect on a trai t i n a populat ion cou ld vary 
greatly in re lat ive ly few generations, or indeed w i t h i n one generat ion. For instance, i f a 
local env i ronment stabil ises, or homogenises, genetic var iab i l i t y w i l l become more 
impor tant in descr ib ing var iab i l i t y w i t h i n a populat ion. The less var iat ion there is in an 
envi ronment , the less ef fect envi ronmental var iat ion w i l l have on a trait. I t can be 
expected that the her i tab i l i ty o f traits w i l l increase as their ef fect on reproduct ive fitness 
lessens. Th is is because the larger the effect a trait can potent ia l ly have on an an imal 'ร 
f i tness, the less oppor tun i ty there is for genetic var iat ion in that t ra i t ; i.e. i f a trait is 
subject to strong select ion, the genes responsible w i l l go to f i xa t i on , at wh i ch po in t al l 
the var iat ion w i l l be due to envi ronmental factors. Th is has been demonstrated in 
studies o f the her i tab i l i ty o f several characters in f ru i t f l ies {Drosophila melanogastor) 
( R o f f & Mousseau, 1987), as we l l as in a range o f w i l d species (Mousseau & Ro f f , 
1987). 
Her i tab i l i t y has been used extensively as a tool in human psychology, of ten in tw in 
studies look ing at behavioural or personal i ty traits. Bouchard and Loeh l i n (2001) 
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prov ide an extensive re v iew. They look at hen tabi l i t y in both a broad and a narrow 
sense, us ing data f r o m studies based on several al ternat ive, bu t o f ten related, 
f rameworks fo r the study o f human personal i ty. These her i tab i l i ty scores range f r o m 
0.11 fo r competence (on the N E O personal i ty inventory) to more than 0.5 fo r the " B i g 
F ive Factors" in some studies. There is great var iety seen then in the her i tab i l i ty o f 
human behavioural factors as related to personal i ty. The message seems to be f r o m 
these data that the genetic effect on var iat ion in human personal i ty traits is more than 
noth ing, but less than al l . Measures o f the her i tab i l i ty o f "Ex t rave rs ion " ( f r om the B i g 
F ive) , a personal i ty trait that must at least be in part related to responsiveness, range 
f r o m 0.49 to 0.57 (see Tab le I I I , Bouchard and L o e h l i n ; 2001) . Her i tab i l i t ies o f N E O 
Personal i ty Inventory scores that m igh t relate to responsiveness, facets o f 
"Ex t rave rs ion" and "Openness to Exper ience" , inc lude 0.36 fo r exc i tement seeking and 
0.34 fo r openness to new actions (Jang et al., 1998). I t is possible that the under ly ing 
(b iochemical or neuro log ica l ) basis fo r such human personal i ty traits and some non-
human pr imate behavioural traits are homologous. 
Her i tab i l i t y calculat ions have been used fo r many риф08Є8 on the traits o f non-human 
ani mal ร. Classic invest igat ions include those fo r useful characteristics in l ivestock, such 
as fat thickness, we ight gain and l i t ter size in pigs {รนร scrofa) (Smi th , K i n g & Gi lber t , 
1962; Strang & Smi th , 1979); body we igh t and egg weight in chickens (Emsley et al., 
1977). Studies o f exper imental animals also examine the her i tab i l i ty o f trai ts, such as 
ta i l length and body we igh t i n mice (Rut ledge et al., 1973), and body size, egg 
product ion and even abdominal brist le number in f ru i t flies (Robertson, 1957; C lay ton 
& Robertson, 1957). Ana lys is o f behavioural traits o f พo r tóng ani mal ร has also been 
carr ied out. A recent study o f hunt ing behaviours in Swedish flatcoated retrievers 
(Canis familiáris) f ound heri tabi l i t ies o f 0.1-0.4, and used factor analysis to reveal 
broader personal i ty traits related to these behaviours (L indberg et al., 2004) . 
There have been l im i ted studies o f the her i tabi l i ty o f behaviours in non-human primates. 
Weiss et al (2000) invest igated the her i tab i l i ty o f personal i ty factors in chimpanzees, 
using the human " b i g f i v e " factors, extra vers ion, agreeableness, conscientiousness, 
emot ional s tabi l i ty , openness to experience, and an addi t ional factor, d iscovered to be 
important for chimpanzees, dominance ( K i n g and Figueredo, 1997). F r o m the factors 
measured, on ly dominance showed s igni f icant ո arrow-sense her i tab i l i ty . I t should 
perhaps be noted that the dominance factor is described as a broad, cont inuous 
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personal i ty d imension rather than the si tuat ion specif ic suite o f behaviours norma l l y 
described in the pr imate l i terature. Primates are of ten used as models fo r research in to 
human psychology, especial ly in personal i ty l i nked areas such as anxiety and 
depression, and drug and alcohol dependency. Recent ly , several monoamine metabol i tes 
related to the neurotransmitters, serotonin, dopamine and noradrenal ine, wh i ch are in 
turn related to personal i ty and ind iv idua l var iat ion in psychological traits in humans, 
have been found to be heri table in baboons (Rogers, et al., 2004) . Behaviours re f lect ing 
increased stress responses and behavioural i nh ib i t i on have found to be heri table in 
rhesus macaques (W i l l i amson et al., 2003). Some traits produced by c luster ing these 
behaviours us ing factor analysis were also shown to be heri table. Tests in the study 
inc luded reactions to a remote contro l car, a human intruder, and novel and fami l ia r 
f rui ts. Several behaviours across the tests showed s igni f icant her i tab i l i ty , i nc lud ing 
latency to leave mother dur ing a free p lay session, latency to inspect novel f ru i t , and 
also movement and explorat ion o f a standard cage in a novel r oom. O n l y one o f the 
factors produced, re f lect ing movement in the tests, was s ign i f icant ly heri table at an 
alpha o f 0.05. I f i t is accepted that retesting the same pedigree fo r the d i f ferent 
behavioural measures counts as mu l t ip le comparisons because o f the repeated use o f the 
data, a correct ion fo r mu l t ip le comparisons should be used. I t is possible that that w o u l d 
lead to the her i tab i l i ty be ing non-s igni f icant , but i t cannot be ascertained f r o m the 
information g iven in the paper. A Bonfer ron i 0ՕՄ60էւօո, for instance, assuming a 
standard alpha o f 0.05, requires a p-value o f 0.0071 or be low fo r the seven factors 
ident i f ied to be s ign i f icant ly heritable (see section 4.3) . 
Results o f the previous chapters have demonstrated that marmosets show a large 
var iat ion in their response to novel object presentations. The behavioural measurements 
recorded dur ing these presentations can be considered ind i v idua l l y or, by us ing 
statistical techniques, reduced d o w n to a more general score representing var ia t ion 
along a responsiveness con t inuum. It is possible to carry out her i tab i l i ty analyses on 
these scores to invest igate the genetic role in establ ishing the var iat ion seen in ani mal ร' 
responses. 
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6.2. H e r i t a b i l í t y analyses 
6.2.1 Ped igree c o n s t r u c t i o n 
In order to carry out a her i tab i l i ty analysis i t is necessary to understand the genetic 
relat ionships among the ind iv iduals studied. In many studies, part ic ipants are chosen 
because o f genetic relat ionships, such as tw ins , and so analyses can be qui te 
s t ra ight forward. In the current invest igat ion however , there was an opportunist ic 
approach to test ing ind iv idua ls , and so specif ic genetic relat ionships between 
ind iv iduals cou ld not be guaranteed. A l so , a l though they t w i n , marmosets tend to have 
d izygot ic o f f sp r ing (Sussman, 2002). Th is means that a t w i n study typ ica l o f many 
human psycholog ica l approaches cou ld not be used. M o d e m computat ional techniques 
a l low ind iv idua ls w i t h a var iety o f genetic relat ionships to be used in an analysis, as 
long as the natures o f the relat ionships are k n o w n so that relat ionship coeff ic ients can 
be calculated. 
In fo rmat ion on the ind iv idua ls tested was col lected f r o m paper records f r o m the 
breeding co lony at Por ton D o w n where al l ind iv idua ls were bred and housed. T o 
establish a pedigree o f relat ive depth, details o f al l breeding ind iv idua ls in the co lony 
over a 25-year per iod fo r wh ich records existed were taken, as we l l as details for the 
ind iv idua ls tested. The data were then entered in to the PedSys database system (Dyke , 
1989), wh ich was used to construct detai led pedigrees. F r o m these data, ind iv idua ls not 
related to any o f the animals tested were pruned, un t i l a single, extensive pedigree 
l i nk ing al l ind iv idua ls was produced. I n order to run the analysis, i t was necessary to 
add records fo r unknown parents o f ind iv idua ls w i t h one k n o w n parent in the pedigree. 
S O L A R (see 6.2.2, be low) , the program used to calculate her i tab i l i ty , requires al l 
ind iv idua ls in a pedigree to have both or no parents. A f t e r addi t ion o f these unknown 
parents and addi t ional animals f r o m di f ferent exper iments, the pedigree fo r analysis 
stood at 603 ind iv idua ls . 
6.2.2. C a l c u l a t i n g h e r i t a b i l i t y 
The computer package Sequential Ol igogenet ic L inkage Ana lys is Rout ines ( S O L A R 
version 1.6.6; A lmasy and Blangero, 1998) was used to estimate the her i tab i l i ty (h^) o f 
response traits. S O L A R с arri es out variance component-based quant i tat ive genetic 
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analyses (us ing its polygenic analysis command) that calculate both her i tab i l i ty and its 
signi f icance. For al l analyses, age at testing in days and sex were inc luded as possible 
covariates. A l t hough Chapter Four demonstrated that neither had a s igni f icant ef fect on 
responsiveness, there were indicat ions o f some ef fect before correct ing for mu l t ip le 
comparisons. Th is was not the case fo r we ight at test ing, so i t was lef t out o f any 
analyses. Covar iate screening was used to determine the statistical s igni f icance o f each 
covariate and the interact ion between the two , and remove i t f r o m the f ina l analysis i f i t 
fe l l be low a s igni f icance level o f 0.05. 
T w o sets o f analysis were carr ied out. The f i rst analyses were on the six response 
cont inua made f r o m factors i n the PCAs o f Chapter F ive . The second set were on the 
f i ve ind iv idua l response measures, using mean scores f r o m the st imulus groups def ined 
in Chapter Three. The six cont inua def ined were m i r ro r durat ion con t inuum, descr ib ing 
var iat ion in the t ime spent close to or touch ing the m i r ro r ; m i r ro r latency con t inuum, 
descr ib ing var iat ion i n the latency to approach and touch the mi r ro r ; unattract ive s t imu l i 
con t inuum, descr ib ing var iat ion in response to the mouse head and egg box ; f ood 
durat ion con t inuum, descr ib ing var iat ion in t ime spent close to or touch ing the two f ood 
related s t imu l i ; f ood latency con t inuum, descr ib ing the var iat ion in latency to approach 
and touch the t w o food-related s t imu l i , and novel s t imu l i con t inuum, descr ib ing 
var iat ion in response to the novel st imulus group. The st imulus groups def ined in 
Chapter Three and used in the analyses were the m i r ro r ( M I R ) , unattract ive s t imu l i 
( M O U & E G G ^ food-related s t imul i ( R I T & R I W ) and nove l s t imu l i ( T U B , P O T , S Y R 
& B A L ) . As each o f these groups cou ld be invest igated using f i ve d i f ferent measures, 
twenty her i tab i l i ty analyses were carr ied out based on this set o f scores. O f the twenty , 
trait scores fo r f i ve were not suitable fo r analysis i n S O L A R , due to l o w standard 
deviat ions, w h i c h make calculat ions inaccurate. For each o f these f i ve traits, scores 
were mu l t i p l i ed by a treatment value suggested by the S O L A R program. 
As the her i tab i l i ty analyses use the same pedigree data every t ime, i t cou ld be 
considered that mu l t i p le comparisons are be ing conducted. I f this is the case, and 
repeatedly us ing a relat ionship matr ix o f animals is the same as repeatedly using a 
variable such as the an imals ' age or sex, then a correct ion fo r mu l t i p le test ing should be 
used. I f analyses are considered in two d i f ferent sets, der ived cont inua and st imulus 
group measures, then d i f ferent Bonfer ron i correct ions should be calculated fo r each (see 
Chapter Four , section 4.3) . A Bonfer ron i correct ion fo r the der ived con t inuum analyses 
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gives a s igni f icance level , or a, o f 0.0084 ( a " = a /k= 0.05/6, where k=no. comparisons). 
For the set o f s t imulus group measures, a Bon fe r ron i correct ion gives a - 0.0025 fo r 
s igni f icance ( a " = ๙ k = 0.05/20), where 0.05 is the standard a. 
6.3 Resul ts 
6.3.1 D e r i v e d c o n t i n u a 
Analyses o f the six der ived cont inua showed no s igni f icant her i tab i l i ty (Table 6.1). In 
fact, none o f the con t inuum scores had even registered a non-s ign i f icant her i tab i l i ty 
f r o m these est imations. I t was demonstrated in Chapter Four that sex and age had a 
m in ima l ef fect on an an imal ' ร response. They were however , inc luded i n the analysis as 
covariates, to make sure that there was no l ow , yet s igni f icant , effect. A s Table 6.1 
shows, neither o f the two covariates, nor the interact ion between them, had a s igni f icant 
effect. Th is means that al l o f the possible covariates were then screened out o f the f ina l 
models used to estimate the her i tabi l i ty o f the six con t inuum scores tested. 
6.3.2 Response scores by s t imu tus g r o u p 
The f i ve or ig ina l response scores were also tested, placed together in fou r groups as 
def ined in Chapter Four (see Table 6.2). One behaviour, latency to approach 
unattract ive s t imu l i , is h igh ly heri table (h '=0 .81,p=0.0045) before correct ion fo r 
mu l t ip le compar isons. Bo th latency to come in to contact w i t h the mi r ro r (հ ' ՜=0.29) and 
T a b l e 6.1ะ Her i tab i l i t y scores for the six cont inua der ived f r o m P C A in Chapter F ive . 
A n y s igni f icant scores are shown in bo ld . Non-s ign i f i cant covariates are exc luded 
f r o m the analysis 
C o n t i n u u m H e r i t a b i l i t y p -va lue C o v a r i a t e p-va lue 
Sex Age Sex*age 
M i r r o r d u r a t i o n 0.0000 0.5000 0.4713 0.2442 0.2038 
M i r r o r la tency 0.0000 0.5000 0.7938 0.5807 0.8632 
U n a t t r a c t i v e s t i m u l i 0.0000 0.5000 0.8658 0.5681 0.4356 
Food d u r a t i o n 0.0000 0.5000 0.4996 0.7522 0.7522 
F o o d la tency 0.0000 0.5000 0.4396 0.7160 0.8469 
Nove l s t i m u l i 0.0000 0.5000 0.6534 0.7277 0.7864 
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the amount o f t ime spent in close p rox im i t y to the m i r ro r (h =0.4913) were approaching 
s igni f icance, w i th p-values o f less than 0 . 1 . A Bonfer ron i correct ion fo r mu l t ip le 
comparisons, however , gives a=0.0025 rather than 0.05, at wh i ch po in t none o f the 
her i tab i l i ty scores are s igni f icant . I t can be seen i n Table 6.2 that o f the f i ve behavioural 
measures, on l y approach latency had (non-s ign i f icant) her i tabi l i t ies o f more than zero 
fo r all four o f the st imulus groups. 
W i t h i n this set o f analyses, the covariate sex had a s igni f icant ef fect on the variance 
found in three o f the traits tested. Latency to close contact w i t h and durat ion o f 
p rox im i t y to food-related s t imu l i showed a s igni f icant propor t ion o f variance due to sex 
di f ferences at the a=0.05 level (p<0.0000 and p=0.0421) respect ively. I n fact, almost a 
quarter o f the variance (0.2422) seen in latency to close contact, and a tenth o f that seen 
fo r durat ion o f p r o x i m i t y (0.1124) seems to be due to sex. Ano ther latency t ime, mean 
T a b l e 6.2: Her i tab i l i t y scores fo r the f i ve behavioural measures, par t i t ioned in 
st imulus groups (see 6.2.2). A n y s igni f icant scores are shown i n bo ld . N o n ­
s igni f icant covariates are exc luded f r o m the analysis. Bracketed numbers next to a 
trait indicated the number o f t imes trait scores were mu l t i p l i ed to f u l f i l m i n i m u m 
standard deviat ion requirements for S O L A R . AT=at tendance, T P = total t ime spent 
in p rox im i t y , T C = total contact, A L = approach latency, C L = contact latency. 
T r a i t H e r i t a b i l i t y p -va lue C o v a r i a t e p -va lue 
Sex Age Sex*age 
M i r r o r A T (4.4) 0.0000 0.5000 0.8516 0.4946 0.3117 
Unatt ract ive A T (5.1) 0.0000 0.5000 0.4964 0.4957 0.4607 
Food related A T (5.6) 0.0000 0.5000 0.1563 0.1984 0.4808 
Nove l A T (6.1) 0.1581 0.2434 0.5227 0.0313 0.2373 
M i r r o r T P 0.4913 0.0744 0.1017 0.2045 0.1324 
Unat t ract ive T P 0.0000 0.5000 0.6487 1.0000 0.6985 
Food related T P 0.0000 0.5000 0.0421 0.3355 0.4564 
Nove l T P 0.0000 0.5000 0.7846 0.3106 0.5224 
M i r r o r T C 0.1824 0.2297 0.9259 0.2004 0.1863 
Unat t ract ive T C 0.0000 0.5000 0.3288 0.7611 0.7611 
Food T C 0.3172 0.1223 0.1449 0.4710 0.8766 
Nove l T C 0.0000 0.5000 0.5339 0.4958 0.8441 
M i r r o r A L 0.2086 0.1249 0.5105 0.6533 0.2353 
U n a t t r a c t i v e A L 0.8089 0.0046 0.9264 0.4051 0.1882 
Food related A L (2.3) 0.1772 0.2290 0.5363 0.5363 0.1381 
Nove l A L 0.0394 0.4359 0.0831 0.1186 0.1847 
M i r r o r C L 0.2906 0.0670 0.5266 0.7424 0.3380 
Unatt ract ive C L 0.2531 0.2759 0.4484 0.6735 0.9208 
Food related C L 0 0 0 0 0 0.5000 o:oooo 0.2916 0：4661 
Nove l C L 0.0000 0.5000 0.0091 0.3237 0.5944 
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latency to close contact w i th the novel st imulus group was also s igni f icant at the a=0.05 
level (p=0.0091) . The propor t ion o f the variance expla ined by sex in latency to close 
contact w i t h novel s t imu l i was 0.0756, so almost 8 % o f the overal l var iat ion in scores. 
I f , however, the same Bonfer ron i correct ion for mu l t i p le comparisons is appl ied as was 
fo r the s igni f icance o f the f ina l her i tabi l i ty scores in this set o f analyses, sex on ly 
remains a s igni f icant factor in the variance o f latency to close contact w i t h food-related 
s t imu l i . A s such, the inf luence o f sex across the analyses can probably be assumed to be 
operat ing at a chance level 
6.4 H e r i t a b i l i t y a n d b e h a v i o u r a l t r a i t s 
Across the t w o sets o f her i tab i l i ty analyses no behavioural traits were f ound to be 
s ign i f icant ly her i table once controls fo r mu l t i p le comparisons were carr ied out. O n l y 
one behaviour, latency to approach unattract ive s t imu l i , was f ound to be h igh l y 
heri table w i thou t this Bonfer ron i correct ion (at a=0.05) . I f this was the on ly s igni f icant 
heritable behaviour , i t w o u l d suggest a d i f ferent mechanism o f response to unattract ive 
s t imul i than to nove l ones. Th is is imp l i c i t i n the fact that the unattract ive s t imu l i were 
considered so as they e l ic i ted a general ly negative react ion, un l ike the other s t imu l i . The 
case is strengthened by the s igni f icant her i tab i l i ty in react ion. I t does not mean that 
reaction to unattract ive s t imu l i is more impor tant than the other responses measured as 
that migh t in fact lead to less genetical ly based var ia t ion. In order to untangle this, i t 
w o u l d be necessary to understand what exact ly about the s t imu l i the marmosets f ound 
unattract ive, and whether i t was a common factor, or d i f ferent fo r each o f the two 
s t imu l i i n the group. 
O f the f i ve behavioural measures, on ly approach latency showed (even non-s ign i f icant ) 
her i tabi l i t ies for al l o f the st imulus groups. A l l o f the other response measures had at 
least t w o her i tabi l i t ies o f zero. Th is indicates that, o f al l the measures, latency to f i rs t 
approach to a nove l st imulus is the most suitable measure to use when assessing the 
possib i l i ty o f her i tab i l i ty in response to any st imulus. 
6.4.1 Response to m i r r o r s 
The t ime i t took animals to touch the mi r ro r , and the amount o f t ime they spent near i t 
w i t h i n a presentation session, d id have p-values o f be low 0 . 1 . Th is may be an ind icat ion 
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or, 1Ґ s imi lar tests were carr ied out w i t h a larger sample size, a role for genetics in how 
animals react to m i r ro r images (however the ani mal ร themselves actual ly perceive this 
image). I t is possible that marmosets do not recognise their o w n ref lect ions as 
themselves, so the reaction to a m i r ro r cou ld be ind icat ive o f how they w o u l d react to an 
un fami l ia r an imal . Studies using primates in m i r ro r sel f -explorat ion tests have been 
cr i t ic ised fo r us ing paral ipsis to assume that this means hav ing a concept o f self, or 
some tónd o f def ined self-awareness (Heyes, 1994; but compare Ga l lup et al., 1995; 
Heyes, 1995; D e Veer & V a n Den Bos, 1999). Tests w i t h cot ton-top tamarins have 
suggested that these cal l i t r ich ids may have at least some ab i l i t y to recognise themselves 
in mi r rors (Hauser et al., 1995), al though this conc lus ion has been cr i t ic ised (Anderson 
& Ga l lup , 1997, Hauser & K rá l i k , 1997). As marmosets are re lat ive ly o l factory animals, 
i t cou ld be that i f an image does not smel l l i ke a conspeci f ic , they w o u l d not react to i t 
as i f i t were an intruder. I t is also possible, a l though perhaps less l i ke ly , that they do not 
recognise the image in the mi r ro r as a monkey at a l l . M o s t studies using mir rors that are 
s tudy ing sel f - recogni t ion habituate primates to the m i r ro r ' ร presence fo r a re lat ive ly 
long per iod o f t ime (Heyes, 1994). A s presentations dur ing the current study were very 
short (240 seconds), i t is h igh ly un l i ke ly that animalร are exper iencing any self-
recogni t ion, even i f i t is theoret ical ly possible. 
6.4.2 O t h e r s tud ies : h e r i t a b i l i t y a n d me thodo logy 
Overa l l , this study gives l i t t le overal l support f o r genet ical ly based var iat ion fo r 
personal i ty- l ike behavioural traits in c o m m o n marmosets. Th is is either because such 
var iat ion t ru ly does not exist, or because the methodo logy used in the study d id not 
manage to detect i t . W h y should marmosets have been expected to show her i tab i l i ty in 
such traits? 
The results contrast to those in studies o f human personal i ty traits, w h i c h consistent ly 
display at least some her i tab i l i ty (e.g. Bouchard & Loeh l i n , 2001) . The di f ferences seen 
cou ld be because marmosets s imp ly do not have heri table behavioural traits in the ways 
humans do. The response behaviours measured in the marmosets do not d i rect ly match 
those such as extraversion assessed in human studies. H u m a n personal i ty traits def ined 
by psychologists have been done so after intense study and are not s imple traits that are 
measured by novel st imulus presentations (al though aspects o f them maybe) . Th is 
study is a f i rs t step fo r assessing marmosets in this way, and due to its s imp l i c i t y , is not 
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direct ly comparable to human personal i ty studies. H a v i n g said this, i f these vary ing 
personal i ty traits and behaviours have under ly ing essences, based on neurochemistry, 
that are homologous, some simi lar i t ies should be apparent. Th is study does at least 
demonstrate that behavioural traits o f c o m m o n marmosets can be measured and 
assessed i n this way . I t gives hints that w i t h a greater sample size and some ref inement 
o f methodo logy (see be low) , heritable response traits may be demonstrated, and m igh t 
in the future be compared more d i rect ly to s imi lar traits in humans and across the 
pr imates. 
Other recent invest igat ions in to the her i tab i l i ty o f behavioural traits in pr imates have 
had some (albeit l im i ted) success in f i nd i ng genetic inf luence. I n infant rhesus 
macaques, latency to leave their mother, latency to inspect novel food and explorat ion 
and movement dur ing a human intruder test have al l been found to have h i gh , 
s igni f icant her i tab i l i ty (W i l l i amson et α/., 2003) . I t is wo r th no t ing that in this study, as 
we l l as in the current one, factor analysis o f measured behaviours d id not lead to a set o f 
s igni f icant heri table characteristics. Dominance (as a broad personal i ty trai t rather than 
related to actual dominance i n a group) was f ound to be s ign i f icant ly heri table in 
chimpanzees, but human " B i g F i v e " factors were not (Weiss et al., 2000) . Social 
impu l s i v i t y has been found to be heri table in vervet monkeys (Fairbanks et a l . , 2004). 
I t cou ld be suggested based on these results alone that c o m m o n marmosets s imp ly do 
not have consistent, heritable behavioural traits. The primates in the studies discussed 
above are al l catarrhines. O l d W o r l d monkeys, humans and other apes al l are more 
closely related to each other than they are to the c o m m o n marmoset (Purv is , 1995). I t is 
possible that this phylogenet ic distance between c o m m o n marmosets and O l d W o r l d 
species may inc lude dif ferences in the genetic basis o f behaviours. T o m y knowledge, 
there are no other studies o f the her i tab i l i ty o f behavioural traits in a p la tyr rh ine species, 
and there are no studies in strepsirhines. Marmosets , a long w i t h the other mammalร , do 
share the same neurochemicals as humans, inc lud ing dopamine, serotonin and other 
monoamines (Hornung, 1997). Indeed, s imi lar i t ies are enough that researchers are 
conf ident i n using the c o m m o n marmoset as a model in a w ide range o f b iomed ica l , 
psychologica l and behavioural studies ( for discussion see Pryce, 1997). Th is evidence, 
when added to knowledge about var iat ion in behavioural traits in marmosets (e.g. 
B l a c k w o o d , 2000) , suggests i t is counter in tu i t ive to argue against a genetic inf luence on 
behavioural traits. 
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Is there a reason in the exper imental methods o f tests that may have caused a d i f ferent 
outcome? The above studies d i d not cont ro l fo r mu l t i p le comparisons regarding the 
pedigree o f the animals used in each analysis. Even so, the signi f icance o f several o f the 
trait her i tabi l i t ies were be low a signi f icance level o f 0.05 and this was not the case in 
the current study ( i t is wor th not ing, however, that i f many traits were tested, the alpha 
required fo r s igni f icance w o u l d be we l l be low 0.05). Sample size in the current study 
was l im i ted . A s animalร were part o f a breeding co lony , they cou ld on ly be accessed 
outside o f husbandry t imes, and on certain days who le rooms o f animals were 
unavai lable. An ima ls were also moved out o f the co lony on a regular basis, so 
ind iv idua ls were on ly avai lable for test ing for a l im i ted t ime. Other studies have used 
more animals in their analyses. Fairbanks et al.՝ร (2004) study o f social impu ls i v i t y 
inc luded 352 vervet monkeys ; Rogers et al.'s (2004) invest igat ion into monoamine 
metabol i tes, used 271 rhesus macaques; Weiss et al.՝ร (2000) study o f personal i ty traits 
i n gor i l las had a sample size o f 145. One study, o f chimpanzees, (W i l l i amson et al., 
2003) , d i d have a sample size o f 85; on ly 17 more than the current study. They found 
heri table di f ferences in behaviours s imi lar to the ones looked at here. Sample sizes can 
of ten be higher than this, fo r instance, a study o f flatcoated retrievers noted observations 
fo r behavioural traits on between 800-1150 ani ma l ร. H u m a n t w i n study f igures are of ten 
in their thousands or tens o f thousands (P lomin et al., 2000). I t is thus possible that a 
l ow sample size may have caused problems, but not necessarily, as studies w i t h less 
than 100 ani mal ร have found heritable traits before. 
6.4.3 T h e ef fect o f sex on response 
I n Chapter Four , l im i t ed sex di f ferences were seen in response. These tests looked at 
s t imu l i i nd iv idua l l y , and found males were qu icker to come in to close contact w i t h both 
o f the food-re lated s t imul i ( R I T and R I W ) , and quicker to approach the tube, T U B , and 
the syr inge, S Y R . These dif ferences are echoed in the her i tab i l i ty analyses where sex 
was seen as a s igni f icant covariant. Fo r instance, when correct ions fo r mu l t ip le 
comparisons were not imposed, sex was seen to affect latency to close contact w i t h 
novel s t imu l i (a group inc lud ing T U B and S Y R ) . Reactions to food were also affected 
by sex di f ferences. Sex was a s igni f icant co-var iant at a 0.05 level fo r the durat ion o f 
p r o x i m i t y to the f ood related s t imu l i , and at less than a 0.0025 level for latency to close 
contact w i t h a food-related st imulus. Th is means then that the sex o f an animal is 
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af fect ing its react ion to unusual ly presented foodstuf f . As discussed in section 4.4.6 and 
4.7, previous exper imental studies where females were found to be more responsive 
(e.g. B o x , 1988; V isa lberghi et al, 2003) , are not supported by this result. I t also 
contrasts a non-pr imate study, where females were found to be quicker to obtain food 
f r o m an un fami l ia r feeder (guppies, Poecilia reticulata; La land and Reader, 1999). 
Where food is i nvo l ved in a novel st imulus or s i tuat ion, females may exercise pr io r i t y 
o f access over males (Box , 1997; B o x , 1999; Petto & D e v i n , 1988). Th i s p r io r i t y o f 
access cou ld be due to factors other than speed o f contact w i t h a food i tem, such as 
males demur r ing , or females fo rc ing them to keep away. Th is is not something that 
w o u l d be seen in the current study, as ind iv idua ls were tested in iso lat ion. 
6.5 S u m m a r y : the h e r i t a b i l i t y o f b e h a v i o u r a l t r a i t s 
Th is study has not demonstrated any clear evidence o f her i tab i l i ty in response 
behaviours i n this capt ive co lony o f common marmosets. There were, however , some 
non-s ign i f icant indicat ions o f her i tab i l i ty in response to mir rors and to unattract ive 
s t imu l i . O f the f i ve behavioural measures, on ly latency to approach showed (even non­
s igni f icant) her i tabi l i t ies for al l the st imulus groups. Th is indicates that i t may be the 
best method o f assessing var iab i l i ty in behaviour, f r o m the po in t o f v iew o f the effect o f 
genes on var iab i l i ty . 
The f ind ings contrast w i t h studies o f behavioural traits in other pr imate species, where a 
l im i ted number o f heri table characteristics have been found. Th is d i f ference cou ld be 
either because o f problems w i th the methodology o f the study, for instance a re lat ive ly 
smal l sample size, or due to the fact that marmosets do not have the heri table 
characterist ic traits f ound in O l d W o r l d pr imates. 
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C h a p t e r Seven 
Discussion 
7.1 I n t r o d u c t i o n 
Primates and other ani mal ร demonstrate ind iv idua l var iat ion in behaviour. There are 
numerous possible causes fo r such var ia t ion, inc lud ing sex, age, genetic di f ferences and 
physical di f ferences. The response to new objects, envi ronments, and situations is a 
vary ing behavioural trait found in a w ide range o f species (W i l son et al., 1994). 
Var ia t ion in response has the potent ial to be measured by a re la t ive ly s imple test 
parad igm, such as novel st imulus presentation (B lackwood , 2000) . Th is study attempted 
to assess var iat ion in response behaviours in common marmosets, and investigate the 
possible under ly ing causes. The four ma in hypotheses o f the research were: 
1. C o m m o n marmosets display ind iv idua l var iat ion in response to nove l s t imul i 
that has a measurable genetic in f luence 
2. Sex affects response to nove l s t imu l i in common marmosets, w i t h females being 
more responsive than males 
3. A g e affects response to novel s t imul i i n c o m m o n marmosets, w i t h older 
subadults being the most responsive 
4. We igh t affects response to novel s t imu l i i n common marmosets 
The purpose o f this f ina l chapter is to revi e พ the main f ind ings o f this study in re lat ion 
to these four hypotheses and focus on several o f the major issues ar is ing f r o m the 
research. In do ing so, potential avenues fo r fur ther research w i l l be discussed. 
7.2 S u m m a r y o f resul ts 
I n this study, responsiveness to novel s t imul i in a home cage env i ronment was assessed 
using f i ve behaviours related to response (visual attendance, latency to f i rst approach, 
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latency to f i rst contact, durat ion o f p r o x i m i t y and durat ion o f contact). These behaviours 
were demonstrated to be measurable and var iable across the 68 animals tested. The 
effects o f sex, age and weight on response were assessed, in order to investigate the four 
hypotheses stated above. D u r i n g the analysis, the nine s t imu l i used in the test ing were 
grouped together by var iat ion in how animals responded to them. The four categories 
def ined were: m i r ro r , unattract ive s t imu l i , food-related s t imu l i and novel s t imu l i . 
Pr inc ipa l component analysis was then used to create cont inua o f responsiveness fo r 
these st imulus groups, by comb in ing the behaviours recorded in to more general 
measures o f response. There were either one or t w o cont inua per st imulus group. A 
single con t inuum described most o f the var iat ion seen in response, where there were 
two cont inua per group, latency to response and durat ion o f response were separated. In 
order to investigate any genetic in f luence on var iat ion i n response, her i tab i l i ty analyses 
were carr ied out on both these general response cont inua and the or ig ina l behavioural 
measures. The ma jo r f ind ings o f the study re lat ing to the four hypotheses stated above 
were: 
1. There is no s ign i f icant ly heritable ind iv idua l var iat ion in response behaviours or 
cont inua der ived f r o m them 
2. There are some l im i ted dif ferences in responsiveness between sexes, especial ly 
i n response to nove l , food-related s t imu l i . Males are more responsive than 
females 
3. Responsiveness does not vary s ign i f icant ly in accordance w i t h an an imal 's age 
4. Responsiveness does not vary s ign i f icant ly in accordance w i t h an an imal 's size 
None o f the four hypotheses tested were supported. There were sex dif ferences in 
behaviour (Hypothesis 2)， but on ly in a l im i ted sense, and in the opposite d i rect ion to 
that predicted. 
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7.3 C o m m o n marmose ts a n d v a r i a t i o n i n response behav iou rs 
7.3.1 Responsiveness a n d sex 
Overa l l i n the study there were few instances o f sex dif ferences in response. Where 
di f ferences between the sexes were seen, males were more responsive than females, 
touch ing novel f ood conta in ing s t imu l i more qu ick ly . Th is is contrary to previous 
research in ca l l i t r i ch id species. I n tamar in species, when dif ferences in response to food 
and f ood related s t imul i occur, females are more responsive than males (Box , 1998; B o x 
et al., 1995). I n t w o species o f marmoset ( common marmosets and b lack tufted-eared 
marmosets), females are more responsive to addi t ional food when i t is o f fered (Box & 
Smi th , 1995). In these previous studies, animals were tested in groups, and arguments 
such as female p r io r i t y o f access can be used to expla in dif ferences (Box , 1997). Female 
conmion marmosets, however, have also been shown to be more responsive to 
un fami l ia r f ood tasks when tested i n iso lat ion (Yamamoto et al., 2004). Th is 
demonstrates a d i f ference in response behaviour between males and females that is not 
dependent on the presence o f a member o f the opposite sex. 
There are t w o potent ial explanat ions fo r the di f ferences in results seen between the 
current study and previous ones. One poss ib i l i ty is that the s igni f icant results o f 
previous studies, wh ich use re lat ive ly smal l sample sizes, are due to stochastic var iat ion 
rather than real di f ferences. For example, T r i vers and W i l l a r d hypothesised that natural 
selection m igh t favour an abi l i ty to adjust o f f sp r ing sex rat io depending on 
env i ronmenta l condi t ions (Tr ivers & W i l l a r d , 1973). A number o f studies have reported 
general support f o r the hypothesis (C lu t ton-Brock & lason, 1986; Godf rey & W e r r e n , 
1996). In a meta-analysis o f the T r i ve r s -W i l l a rd hypothesis i n pr imates, B r o w n & S i l k 
(2002: 11253), however , demonstrated that: 
much o f the observed var iat ion in sex ratios o f h igh - and l o w - rank ing females, w h i c h 
of ten has been interpreted in adaptive terms, ac tuฝ 1 y may be the product o f stochastic 
var iat ion in smal l samples. 
That is, as sample sizes increase, evidence fo r the ef fect in pr imates disappears. In 
B r o w n and S i l k ' s study sample sizes reach beyond 1000, and i t is at these higher 
numbers that no effect is seen. The sample size in the current study is greater than 
many that have contrast ing results, but st i l l be low 100. I t is possible that i f other studies 
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wi th larger sample sizes are conducted, the evidence for females be ing more responsive, 
or in fact any s igni f icant di f ferences at a l l , may disappear. 
I f males are thus more responsive than females even in a species such as the c o m m o n 
marmoset that has l i t t le sexual d imorph i sm, there may be potent ia l consequences fo r 
other pr imates. Di f ferences in behaviour between sexes are of ten l i nked to d imorph ism 
(male orang-utans fo r instance, wh i ch are much larger than females, forage more on the 
ground: Rodman & M i t a n i , 1987). I f sex di f ferences i n (non-sexual) behaviours are 
seen in a species w i t h l i t t le Ш т о ф Ы з т , i t suggests that there may also be innate sex 
di f ferences in the (non-sexual) behaviour o f other primates w i thou t accentuated sexual 
d imorph i sm, inc lud ing gibbons and humans. 
The second, s l ight ly more complex , explanat ion fo r the contrast between the current 
study and previous ca l l i t r i ch id research is based on di f ferences i n the ages and the range 
o f ages o f the animals used in d i f ferent studies. A l t hough age was not shown to have a 
s igni f icant effect on response in the current study, the age range o f the ani mal ร was 
l im i ted (10-23 months) . A l l o f the female and the major i t y o f the male animals studied 
by Yamamoto et al. (2004) were older than the ani mal ร studied here (females 2.5-5 
years, males 1.5-5 years). I t is possible then that f o o d response behaviours develop and 
change as animals age; that the s l ight ly h igher responsiveness levels o f j uven i l e and 
sub-adult males in response compared to females alter as females f u l l y develop. Wha t 
this does not expla in is w h y the male marmosets should be more responsive in the f i rst 
place, i f sex dif ferences on ly occur as the animals mature. The pattern o f males be ing 
more responsive than females w o u l d be expected fo r other pr imate species (especial ly 
those w i t h greater sexual с і і т о ф Ь і з т ) , based on studies o f innovat ion (Reader & 
La land , 2001) and Bateman'ร rule (Bateman, 1948; Fu tuyma, 1998). Th is then suggests 
that a h igher level o f responsiveness in males is constant across pr imate species, and it 
is at sexual matur i ty that var iat ions in this occur, caused by ( lack o f ) sexual Ш т о ф Ь і з т 
or part icular social systems. 
I n addi t ion to the smal l di f ferences displayed in response to food related s t imu l i , males 
also looked at the tube ( T U B ) for longer and approached the syr inge ( S Y R ) more 
qu ick ly . Bo th o f these s t imul i are cyl inders o f a re lat ive ly s imi la r diameter and length. 
I t is possible then that the shape o f the s t imu l i has an effect on the an imals ' 
responsiveness. Marmosets are extract ive foragers; they may be react ing to the tubes as 
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i f they are branches f r o m wh ich g u m can be extracted, or objects that cou ld contain 
h idden an imal prey (al though animals in this study w o u l d never have been exposed to 
l i ve prey) . I f responses are based on react ion to a possible f ood source, the same issue as 
fo r the food related s t imul i is raised: should sex dif ferences again not echo what is seen 
in previous work , w i t h females being more responsive? Further research using tubes or 
more natural , Organ ic ' s t imul i cou ld investigate several o f the issues raised here; fo r 
instance, by examin ing how the animals interact w i t h the object (ho ld ing w i t h hands, 
gnawing , etc.) to see i f they are treat ing i t as a potent ial f ood source. 
7.3.2 Age 
Contrary to the f ind ings o f some other studies ( M i l l a r et al., 1988; Rogers, 1999), no 
age di f ferences in response were seen. The lack o f age di f ferences cou ld be because o f 
the restr icted age range in the group studied (see 7.3.1 fo r the possible interact ion o f age 
and sex factors), or i t cou ld be related to the test env i ronment . The re lat ive ly heightened 
responsiveness o f young adults cou ld be due to higher mot i va t ion or more exploratory 
behaviour than adults and younger o f fspr ing . I n other studies o f ca l l i t r i ch id 
responsiveness and explorat ion that have examined age di f ferences, test ing has taken 
place in more open spaces (e.g., Menze l & Menze l , 1979; M c G r e w & M c l u c k i e , 1986), 
or w i t h other ani mal ร present. Adu l t s m igh t have other concerns, such as v ig i lance, or 
nurs ing young o f fspr ing . When animals are tested in groups in re la t ive ly large areas 
such dif ferences w o u l d be apparent. I t is possible that fo r this test, mot iva t ion to 
explore, as opposed to responsiveness per se, was not an issue, as ani mal ร were 
necessari ly close to the s t imu l i on entry to the test cage. W i t h a novel st imulus 
obv ious ly present and no other animals or opportuni t ies to distract the ind iv idua l be ing 
tested, i t is possible that any age di f ferences are reduced. 
The lack o f age di f ferences over a per iod l i ke this, j uven i le to an adult , suggests that 
both male and female marmoset behaviour does not change w i t h the onset o f sexual 
matur i ty . Th is does, however, contrast w i t h the assertion above that sex dif ferences in 
the behaviour may develop as animals age, and thus cou ld be used instead in support o f 
the suggestion that di f ferences seen i n previous studies between animals o f d i f ferent 
ages and sex are due to stochastic var ia t ion. The on ly way to resolve these con f l i c t i ng 
v iews w o u l d be to study marmoset behaviour through this per iod o f sexual 
development. 
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7.3.3 I n d i v i d u a l d i f fe rences i n response b e h a v i o u r based o n genet ic v a r i a t i o n 
Th is study d i d not demonstrate any clear evidence o f her i tab i l i ty in responsiveness, 
ind icat ing that ind iv idua l var iat ion based on genetic di f ferences does not have any 
s igni f icant effect on response behaviour in the group o f c o m m o n marmosets studied. I t 
is possible that the results ref lect the phylogenet ic di f ference between marmosets and 
other primates where the effect o f genes on such behaviour has been studied (see 6.4.2). 
Genetic di f ferences in response behaviour, however, have been demonstrated in non -
pr imate species such as mice (F l in t et al, 1995; D u l u w a et al., 1999), and many o f the 
same neurochemicals that underl ie behavioural var ia t ion, i nc lud ing dopamine, serotonin 
and other monoamines are shared across mammal species ( H o m u n g , 1997; M e h l m a n et 
al., 1994, 1995; Ben jamin et al., 1996). Bo th in tu i t i ve ly , and based on other evidence, i t 
thus seems un l i ke ly that a total lack o f genetic inf luence on response behaviour w o u l d 
be the case. Th is study does show, however , that such genetic inf luences are re lat ive ly 
un impor tant compared to sex dif ferences in response behaviour. I t w o u l d be interest ing 
to see exact ly what level o f var iat ion marmosets d i d show in the genes where 
di f ferences have been demonstrated fo r humans and other mammals . Pre l iminary 
studies l ook ing at var iat ion in genes related to neurochemicals connected to response 
h int that i t may be rather l ow (De Ruiter, personal communica t ion) . 
The lack o f evidence for genetic var iat ion in the behaviours invest igated, together w i t h 
the lack o f posi t ive evidence fo r human- l i ke personal i ty traits f r o m other studies (e.g., 
K i n g and Figueredo, 1997), suggests caut ion in ascr ib ing human personal i ty to non-
human primates. Humanร and non-human primates may share the neurochemicals that 
underl ie behavioural traits, but they do not necessarily express themselves i n the same 
way at a higher, behavioural , leve l , as described by human "persona l i ty " . 
7.3.4 Phys ica l v a r i a t i o n a n d d i f fe rences i n response 
W i t h the except ion o f dif ferences between sexes, physical var iat ion (as measured i n this 
case by weight ) d id not have any effect on the response o f the animals tested. Th is 
indicates that var iat ion in response in the common marmoset is not part o f a behavioural 
strategy (W i l son et al., 1994; W i l s o n & Yosh^ 1994) that is based on physical 
characteristics o f the animals related to size, at least across the age range studied and 
thus the developmental per iod f r o m juven i le to young adul thood. Th is then suggests that 
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more posi t ive responses to novel s t imu l i and situations are not, in a capt ive s i tuat ion, 
leading to ami ո al ร hav ing greater access to food and thus g row ing larger than their 
contemporar ies. Ex t reme cases o f size af fect ing behaviour are of ten related to sex and 
sexual strategies, f o r example in orang-utans (U tam i et ah, 2002) , coho salmon (Gross, 
1985), and ru f fs (van R h i j i n , 1973, 1983). In these species, males have dist inct morphs 
that relate to d i f ferent sexual strategies. Because o f the social systems o f marmosets, 
such d i f fe r ing strategies w i t h i n males may not be necessary. Unre lated males are k n o w n 
to share one social group (Nievergel t et al., 2002) , however, so there is potent ia l for 
va ry ing ma le strategies to emerge, albeit at a less obv ious level than fo r those species 
ment ioned above w i t h d i f ferent т о ф һ ร . Males w i t h i n natural social groups m igh t show 
var iat ion in response behaviour related to strategies that is not seen when animals are in 
single sex peer group cages. 
7.4 Po ten t i a l f o r f u r t h e r studies 
The results o f this study and the above discussion can be used to f o r m several 
suggestions fo r future research, and some points have been ment ioned therein. The 
increased responsiveness seen in males opens up the poss ib i l i ty o f invest igat ing 
response and related behaviours in a range species w i t h l i t t le or no sexual d imorph i sm, 
to see i f large sex dif ferences in behaviour are retained. The di f ferences between this 
and other studies i n sex di f ferences i n response cou ld be exp la ined i f these sex 
di f ferences change as animals mature. Th is does, however, contrast w i th other results 
f r o m this study showing that behaviours do not alter s ign i f icant ly across age groups. 
The results o f both sex dif ferences and age var iat ion the study thus prompt the need fo r 
fur ther study o f responsiveness in marmosets at d i f ferent ages to ascertain w h y males 
m igh t be more responsive than females at a younger age. Long i tud ina l studies o f 
marmosets o f both sexes over their l ives w o u l d show how sexual matur i ty affects non 
sexual behaviours, and whether and when these behavioural di f ferences between males 
and females do occur. 
I f this study and its methodology were to be fo l l owed up and expanded upon, an 
obvious improvement w o u l d be an increase in sample size, meaning that her i tab i l i ty 
analyses cou ld be more rel iable. Th is cou ld be achieved by expand ing test ing to several 
other breeding colonies in the Un i ted K i n g d o m , as long as condi t ions and husbandry 
practices w o u l d a l low for a s imi la r exper imental set up. Further specif ic points to be 
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addressed when loo tóng at how this study migh t be d i rect ly bu i l t upon include: should 
what was measured be changed; should the s t imu l i used be changed; and should the 
ind iv idua ls studied be changed? These questions are addressed be low. 
7·4.1 U s i n g b e h a v i o u r a l measures 
A l l the behaviours recorded in the study were useful fo r descr ib ing responsiveness, but 
for invest igat ing her i tab i l i ty o f response behaviours, latency to approach was most 
useful . Th is behaviour i l lustrates something o f an immedia te react ion to the st imulus, 
the an imal 's f i rst response to a novel i tem in the home cage before i t has moved in close 
enough to examine i t . Thus i t m igh t relate more to an an imal 'ร immediate pattern o f 
response than behaviours (such as durat ion o f p r o x i m i t y or contact) , wh ich depend more 
on the qual i ty o f the st imulus itself. W h e n this measurement does not demonstrate 
ind iv idua l var iat ion across the sample ( for example, i f no or very f ew animals approach 
a s t imulus) , other behaviours such as visual attendance can be used to i l lustrate 
awareness o f the st imulus. I f on ly these t w o behavioural measures are used, however, 
much in fo rmat ion about response cou ld be lost. The t w o durat ion scores recorded 
s imi lar behaviours, as d i d the t w o latency scores. The pr inc ipa l component analyses o f 
Chapter F ive demonstrated that the scores cou ld either be represented by a single 
response con t inuum o f a pair , w i t h one descr ib ing latency and one descr ib ing durat ion. 
I t w o u l d be s impler then in future studies to l i m i t record ing to one o f the latency scores, 
latency to approach, and one durat ion score. I f durat ion o f contact was measured, then 
latency to contact cou ld be calculated based on those observations i f required. Even i f 
latency to approach is the most in fo rmat ive behaviour in assessing response, future 
presentation tests should cont inue to record the measures used here, or at least v isual 
attendance and one measure o f durat ion in addi t ion to latency scores. V ideo and sound 
recording, not possible in this study, w o u l d a l low fo r even f iner measurements o f 
response. Record ing o f vocal isat ions w o u l d a l low fo r extra e luc idat ion o f the emot ional 
state o f the an imal , and perhaps how i t perceived a part icular s t imulus (as a threat or 
conspeci f ic, fo r example) . A f iner measure o f gaze, combined w i t h vocal isations w o u l d 
help to con f i rm that i t was the st imulus that the animal was responding to and not 
something else in the env i ronment that the observer was perhaps unaware of. 
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7,4.2 D e v e l o p i n g the s t i m u l i used i n p resenta t ions 
A var iety o f s t imul i were used in this study to see i f d i f ferent aspects o f response 
behaviour cou ld be observed. Var ia t ion in responsiveness cou ld be measured for al l o f 
the s t imu l i presented, but the presence o f f ood and potent ial social inf luences a l low fo r 
funct iona l ly d i f ferent responses to be observed. I n an extension o f the methodology o f 
the current study, a suite o f s t imu l i cou ld be used to investigate a range o f d i f ferent 
response behaviours. S t imu l i that o f fer more interact ive oppor tun i ty , such as m o v i n g 
parts, or s t imu l i that are mob i le , such as remote cont ro l led toy cars (W i l l i amson et al. y 
2003) , may e l ic i t more var ied responses. One novel s t imulus w i t h a s imple m o v i n g arm 
or pendu lum cou ld be used to assess responsiveness (subject to p re l im inary testing to 
ensure var iat ion in react ion for a smal l sample o f animals) . As i t is d i f f i cu l t to 
di f ferent iate whether an animal is responding to the colour , shape or texture o f an 
object, this approach does increase uncertainty as to what aspect o f the st imulus is 
d r i v i ng the response behaviour. I n the case o f the car, f o r instance, is i t the co lour and 
shape o f the st imulus i tself , or the movement or noise associated w i t h i t , wh i ch has the 
greatest ef fect on the an imal 's response? Rather than a f o o d related st imulus, novel 
f ru i t cou ld be used to measure response behaviour to food . Th is wo^^ remove the 
poss ib i l i ty that the ind iv idua ls m igh t not in i t i a l l y be aware that a f ood reward is present 
in an inorganic s t imulus, a l though i t may also reduce var iab i l i t y in response, i f i t was 
immedia te ly obvious that i t was edible. 
In the study, a m i r ro r was used as a potent ia l social s t ì ^ There is much discussion 
in the l i terature as to whether d i f ferent pr imate species recognise themselves in mi r rors , 
and i f this indicates that they have a complex concept o f self (see Heyes, 1994, 1995; 
Gal lup et al., 1995; D e Veer & V a n Den Bos, 1999; fo r a taste o f the discussion). 
A l t hough it is general ly thought that on ly certain apes can recognise themselves, i t has 
been suggested that cot ton- top tamarins also have the ab i l i t y (Hauser et al， 1995; but see 
Anderson & Ga l lup , 1997; Hauser & K rá l i k , 1997). Whatever posi t ion is taken, in this 
study o f marmosets, each subject was on ly exposed to a m i r ro r fo r a 240-second per iod. 
They had not been exposed to mir rors prev iously and any meta lwork in and around their 
cages was tarnished to be non-ref lect ive. M o s t studies using mir rors that are s tudy ing 
sel f - recogni t ion habituate primates to the m i r ro r ' ร presence fo r a re lat ive ly long per iod 
o f t ime (Heyes, 1995). Thus i n the current study, i t is h igh ly un l i ke ly that the subjects 
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w o u l d experience any sel f - recogni t ion, even i f i t were theoret ical ly possible after 
lengthy exposure. 
T o study social responses speci f ical ly , a less equivocal st imulus such as a model or 
tax idermised conspecif ic (see Barros et al, 2000; f o r an example o f using tax idermised 
animals as s t imu l i ) , or a l i ve , nove l , conspeci f ic in an ad jo in ing cage (Fairbanks, 2001) , 
cou ld be used to assess var iat ion. 
A u t o m a t i n g response measurements a n d s t i m u l u s p resen ta t i on 
The causes o f var iat ion in many behaviours can be invest igated using a s imi lar test 
paradigm to the temporar i l y isolated home cage presentations used here. D u r i n g the data 
co l lect ion per iod o f this study, a possible tool fo r automated record ing o f response and 
learning behaviour was researched and developed. The CBS6000 (Custom Bio te lemetry 
Systems) is a st imulus presentation panel that attaches to the home cage o f the animal 
being tested (Figures 7.1A and 7.1B). The st imulus panel can have a var iety o f 
presentation tools attached fo r the animal to interact w i t h , such as l ights, touch panelร 
and food or l i qu i d dispensers. The system is cont ro l led by a mic rocomputer that is pre­
programmed by a PC. The microcomputer is in a portable data logger (Figure 7. I B ) that 
attaches to the st imulus panel. The data logger both controls the st imulus presentations 
on the panel , and records the subject 'ร responses. Data are downloadable onto a 
spreadsheet or database programme on a PC. 
D u r i n g development , tests were carr ied out using a st imulus array consist ing o f a l igh t 
key and a mi lkshake dispenser and l icker (see Figure 7 .1A) . The data logger recorded 
when the l igh t st imulus was on and any touches by the subject; the mi lkshake dispenser 
recorded when ever a reward was pumped into the l icker, and whenever the animal took 
a reward, by using an in f ra- red sensor. Three st imulus presentation phases were 
p rogrammed in to the panel. In the f i rst session the CBS6000 was programmed to g ive 
out a mi lkshake reward independent o f any act ion o f the subject an imal . Th is w o u l d 
habituate the marmoset to both the st imulus panel and the mi lkshake dispenser and 
l icker. The ma in test ing phase invo lved the presentation o f a s t imulus; the l ight key 
w o u l d be i l l umina ted . I f the animal responded "cor rec t l y " , i.e. by pushing the l ight key, 
i t received a smal l amount o f mi lkshake (c. 0 .1ml) as a reward. A f t e r the animal had 
learned to push the l igh t key fo r a mi lkshake reward and had done so successful ly over 
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several repeats, the th i rd phase was introduced. Here, the l igh t key st imulus was st i l l 
presented, but no reward was g iven. The data logger w o u l d record fo r how long an 
animal persisted to press the l ight key and l i ck the mi lkshake dispenser'ร l icker. 
Th is s imple series o f presentations used i n develop ing the CBS6000 i l lustrates its 
potent ia l to record several types o f behavioural response. The f i rst reg ime gives a 
measure o f how qu i ck l y the animal w i l l approach and touch a novel s t imulus, and the 
second reg ime records how qu i ck l y i t can 】eam how to carry out a s imple task fo r a 
reward. The th i rd reg ime, where the st imulus is presented w i t h no reward, measures the 
subject 'ร " reward dependence": how long w i l l i t persist in t r y ing to gain a reward that is 
no longer obtainable. Reward dependence is a personal i ty t ra i t def ined, a long w i t h 
novel ty seeking, in C lon inger 'ร T r i -D imens iona l Personal i ty Quest ionnaire (Cloninger, 
1987). I n humans the trait can ref lect a need fo r approval , and remains consistent across 
age groups (Hamer & Copeland, 1998; Cloninger , 1987). A n animal (or person) scor ing 
h igh fo r reward dependence w o u l d show resistance to the ex t inc t ion o f an unreward ing 
behaviour. Th is can be tested in a laboratory si tuat ion through " f rust rat ive non- reward " 
tests such as the th i rd test regime described above. A s the presentations were carr ied out 
dur ing the development o f the system and were pre l im inary , the sample size o f 
ind iv idua ls tested was too smal l f o r analysis o f the behaviours themselves. 
Th is is on ly one example o f how a system such as the CBS6000 , wh i ch is i tsel f s t i l l in 
development, can be used to measure a range o f behavioural traits in a s imple, home 
cage based si tuat ion. The st imulus panel is designed so that other s t imu l i such as 
mi r rors , d i f ferent l igh t displays or s imple cogni t ive tasks cou ld be added fo r d i f ferent 
presentation tests. The system has the bonus o f not requ i r ing an observer to be in the 
l ine o f sight o f the subject, w i t h the potent ial to distract i t . I f the observations cou ld be 
automated, or the observer cou ld at least be outside the v is ion o f the animal being tested 
(this was not possible in the current study), i t may reduce the t ime needed fo r 
habi tuat ion and also the r isk o f v o i d presentation sessions i f the an imal is more 
interested in the observer. Au tomated observations mean that behaviour on a " m i c r o -
scale" can be observed, mu l t ip le l icks o f the mi lkshake dispenser, fo r instance, that a 
human observer w o u l d not see. I t is possible that methods other than direct physical 
observations on the part o f the exper imenter can successful ly assess responsiveness, but 
there are drawbacks to using an automated system. A n automated s t imulus panel cou ld 
record detai l about response behaviour missed by human observat ion, but i t cannot 
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measure variables such as visual attendance, and latency to approach as opposed to 
latency to contact the st imulus. H u m a n observers can also take addi t ional note o f 
behaviours that are interest ing but not part o f the record ing br ief ; an automated system 
cannot do this. 
7.4.3 C h o o s i n g s tudy g roups f o r i nves t i ga t i ng response b e h a v i o u r s 
The test groups in this study were chosen fo r a large part on ava i lab i l i ty and 
accessibi l i ty. The way the co lony is set up, w i t h juven i les and young adults in peer 
groups rather than f a m i l y cages, a l lows fo r easy test ing o f temporar i l y isolated 
ind iv idua ls o f a certain age. There are some issues raised by this study that w o u l d have 
to be addressed by studying subjects in a d i f ferent regime. Test ing animals o f both sexes 
both i nd i v idua l l y and in their f am i l y groups w o u l d address the ef fect o f p r imacy o f 
access fo r females. I t is possible that the age o f animals tested affects sex di f ferences, 
w i t h females becoming more responsive than males, especial ly to f ood , as they get older 
(see Section 7.3.2). In order to investigate whether this is the case, an exper iment w o u l d 
need to test response behaviours o f males and females ind iv idua l l y across a l l age 
groups. I f the same ind iv idua ls were tested w i t h i n f a m i l y groups, the dif ferences 
between p r imacy o f access and responsiveness per se cou ld be examined. I f , i n test ing, 
both f ood and non food-related s t imu l i were presented to these ind iv idua ls , i t w o u l d be 
possible to see how reactions d i f fe r to them. Th is cou ld then be extended to either 
(preferably) a long i tud ina l study, or w ider cross-sectional study o f animals o f d i f ferent 
ages. 
7.4.4 W i d e r i m p l i c a t i o n s o f v a r i a t i o n i n responsiveness 
Awareness o f both the di f ference between human and non-human pr imate personal i ty 
traits (and indeed the di f ference between non-human pr imate species) and the ind iv idua l 
var iat ion and sex dif ferences that exist w i t h i n a pr imate species are impor tant i f 
behavioural models are be ing used. Monkeys , especial ly c o m m o n marmosets, are of ten 
used as mode l organisms in b iomedica l research that invo lves behavioural parameters 
(e.g. Marsha l l & R id ley , 2003; R id ley et ๗.， 1999; and discussion in Pryce, 1997). 
When pr imates are used in models that invo lve observ ing the effect o f surgery or other 
invasive measures, i t is important that a thorough assessment o f the subject 'ร behaviour 
has been carr ied out beforehand. I f the baseline behaviour is not measured so as to 
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accurately document the range o f behaviours seen in an exper imental group, subsequent 
observations may not accurately describe any change in behaviour. Know ledge o f the 
no rma l , general behaviour o f the animal is required to ensure that behaviours noted 
dur ing tests are due to the condi t ions imposed by the exper imental cond i t ion 
speci f ica l ly , rather than a species typ ica l reaction to the exper iment in a w ider sense. 
Accounts o f marmoset behaviour are thorough (e.g., Stevenson & Poole, 1976), but are 
of ten based on re lat ive ly smal l sample sizes. The results o f the current study can help to 
c lassi fy the range o f response behaviours seen across a popula t ion o f marmosets. 
" U n u s u a l " behaviours seen dur ing experiments may be at the tai ls o f a normal 
d is t r ibut ion o f response, rather than an abhorrent movement away f r o m a species 
standard. In short, studies such as this give valuable in fo rmat ion on the range o f 
response seen w i t h i n a species ( indeed a populat ion) as we l l as g i v i ng an idea o f species 
general behavioural responses that are essential fo r the in-depth understanding o f 
behavioural responses in b iomedica l exper imental wo rk . 
I n addi t ion to large scale research being used to enhance knowledge o f ind iv idua l 
var ia t ion, short tests o f response behaviours cou ld be used to select ani mals for 
exper imental b iomedica l w o r k that includes behavioural parameters. A series o f short 
nove l st imulus presentations cou ld assess whether an animal is re la t ive ly posi t ive in its 
response to s t imu l i , or u n w i l l i n g to approach or investigate nove l objects. I f an animal is 
u n w i l l i n g to interact w i t h novel s t imu l i and nervous in novel envi ronments, i t cou ld be 
exc luded f r o m a research program that required i t to be exposed to new experiences. 
Th is w o u l d avo id invest ing t ime and money i n the animals t ra in ing i f that ind iv idua l 
was to be unusable in the study. 
7.5 Conc lus ions 
Th is study showed that response behaviours are not s ign i f icant ly heri table in the 
c o m m o n marmoset group tested, and sex is a more impor tant determinant o f response 
that ind iv idua l genetic di f ferences, age or weight . The lack o f s igni f icant her i tab i l i ty in 
responsiveness i l lustrates that jus t because species have a s imi la r under ly ing b io logy , 
that b io logy may not manifest i tsel f i n the same way, especial ly when i t comes to 
complex behavioural var ia t ion, or what is referred to in humans as personal i ty. 
Responsiveness and var iat ion in response behaviours can be complex to study, both 
f r o m the po in t o f v iew the patterns o f responsiveness that migh t be found w i th in a 
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species, and o f the mechanics o f the testing i tself ( for example, what behaviours best 
i l lustrate how an an imal is responding). These results, when taken w i th those o f other 
studies, demonstrate the vary ing effect o f sex and age on response to f ood related 
novel ty , suggesting that as marmosets age, di f ferences between the sexes expand, or 
even reverse, w i t h females becoming more responsive than males, when the opposite is 
true at a younger age. I t is also possible, however, that the contrast in results w i t h other 
studies is due to var iat ion in sample sizes, and that as studies use larger numbers o f 
marmosets, patterns o f results more s imi lar to the current study w i l l emerge. 
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Appendix One 
Subject in fo rmat ion , inc lud ing sex, age at test ing, b i r th we igh t and test weight , and l i t ter 
size. The an imal 'ร code refers to its sex and its age relat ive to the other subjects; lower 
numbers indicate older animals. Group gives the group number o f the an imal , groups 
are numbered in the order tested. Group 7 was spUt in to two dur ing test ing due to 
aggression. B i r t h we igh t was taken f r o m co lony records; test we igh t was taken f r o m the 
mon th l y we igh ing closest to the beginn ing o f habi tuat ion fo r that an imal 'ร group. A g e 
o f test ing was calculated using the an imal 's date o f b i r th f r o m co lony records and the 
f i rs t day o f habi tuat ion fo r the group. 
Code 
F= 
Female 
M=Male 
Group Bir th 
weight 
(g) 
Test 
weight (g) 
litter 
size 
age at testing 
(days) 
Age at testing 
(months and days) 
12F 1 30.2 299 3 399 13m4d 
13F 1 27.3 316 3 399 13m4d 
16F 1 29.4 310 2 385 12m20d 
19F 1 30.6 294 2 373 12m8d 
20F 1 30.4 287 4 369 12m4d 
21F 1 33.1 337 4 369 12m4d 
23F 1 34.2 300 2 361 l lm26d 
24F 1 33.5 275 2 361 l lm26d 
26F 1 36.7 292 2 348 l l m l 3 d 
27F 1 33.7 329 2 348 l l m l 3 d 
28F 1 32.1 300 2 339 l lm5d 
29F 1 34.4 271 2 337 l lm3d 
31F 1 37 317 3 322 lOmlSd 
И М 2 28.3 316 3 494 16m9d 
14M 2 37.9 350 2 476 15iท19d 
15M 2 36.7 350 2 476 15ml9d 
17M 2 30 307 2 473 15ml6d 
18M 2 38.7 363 1 462 15m7d 
22M 2 35.5 378 4 457 15m2d 
25M 2 30.6 326 2 444 14ทIl7d 
30M 2 36.8 329 2 425 14mld 
32M 2 36.8 318 3 410 13ml4d 
33M 2 32.2 300 2 408 13ml2d 
34M 2 32.5 348 2 408 13ml2d 
IF 3 38.5 413 2 673 22m4d 
2F 3 34.7 473 2 671 22m2d 
3F 3 31.6 335 3 665 21m26d 
4F 3 32.6 353 3 652 21ml3d 
5F 3 37.1 359 2 641 21m3d 
6F 3 37.9 340 2 612 20m5d 
7F 3 37.9 395 2 594 19ml7d 
8F 3 39.6 397 2 594 19ml7d 
9F 3 27.8 335 3 578 19mld 
lOF 3 32 392 3 569 18m22d 
46M 4 30.3 298 3 394 12m29d 
47M 4 36.5 330 2 385 12m20d 
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48M 4 28.2 290 3 379 12m 14d 
49M 4 31.7 313 3 379 12ml4d 
50M 4 30.8 322 3 369 12m4d 
51M 4 34.3 282 3 348 l l m l 3 d 
52M 4 29.9 278 3 327 10m23d 
53M 4 29.8 278 3 325 10m21d 
38F 5a 32.5 347 3 542 17ทi27d 
39F 5a 29.4 330 շ 534 17ml6d 
40F 5a 27.4 374 3 530 17ml2d 
41F 5b 30.9 363 3 515 16m28d 
42F 5b 30.4 338 3 506 16ml9d 
43F 5b 26.7 334 3 472 15ml5d 
45F 5b 32 345 3 459 15m2d 
56M 6 27.2 334 3 419 13m23d 
59M 6 32.4 336 3 410 13ml4d 
61M 6 27.5 312 3 400 13m5d 
63M 6 29.8 290 3 392 12m27d 
67M 6 35.5 346 շ 379 12ml4d 
68M 6 36.6 334 շ 379 12nil4d 
69M 6 37.3 364 շ 353 l l m l S d 
54F 7 33.9 330 շ 372 12m7d 
55F 7 31 391 շ 448 14m22d 
57F 7 29.4 361 շ 448 14m22d 
58F フ 33.7 402 շ 442 14ml6d 
69F フ 33.1 431 շ 442 14ml6d 
62F 7 31.9 383 3 433 14m7d 
64F 7 30.2 318 3 428 14m2d 
65F 7 30.5 334 3 420 13m25d 
66F 7 28.9 274 շ 409 13ml4d 
70F 7 29.7 288 շ 409 13ml4d 
71F 7 33.3 332 շ 381 12ml6d 
72F 7 37.7 335 շ 372 12m7d 
Means 32.6 334.1 2.5 442.5 
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Appendix Two 
Behavioura l observat ion check sheet. Whether or not the an imal 's head was or iented 
toward the st imulus was noted every ten seconds as V (yes) or X (no) . Behaviours and 
the t ime they occurred were entered in the central box area o f the sheet; behaviours 
were g iven t w o letter codes fo r b rev i ty o f use. N o f i l l ed in examples can be given as 
paper was not a l lowed to be removed f r o m the co lony. 
Behavioural Observation Sheet 
Individual Date 
Stimulus. 
Time. 
Time (ร) Orient Behaviours (code and time/ร) 
10 
20 
30 
40 
50 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
4.00 
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